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There is a vast extent of evidence that has emphasised the role that contaminated surfaces 
play in the transmission of health-care associated or nosocomial pathogens in the health and 
pharmaceutical sectors. Particularly, that the surfaces that are highly or frequently touched by 
patients and health-care workers are more prone to microbial contamination and subsequently 
can act as reservoirs for the transmission of microbial pathogens. Monitoring surface hygiene 
for pharmaceutical cleanrooms has proven as a basis for ensuring that there is strict adherence 
of hygiene protocols and guidelines, while also keeping good microbiological control as per the 
Good Manufacturing Practice (GMP). Ensuring that the surfaces in the Homeopathic Health 
Centre’s (HHC) dispensary are always clean and disinfected is an important component of the 
overall strategy to reduce the risk of health-care associated infections (HCAI) and transmission. 
No research regarding the hygiene status in the HHC dispensary at University of Johannesburg 
(UJ) is available. 
 
The aim of this study was to evaluate the microbial load on the surfaces to monitor surface 
cleanliness in the dispensary at the (Doornfontein campus) utilising the UltraSnap™ ATP 
Surface test and to determine if there were any microbial hotspots within the HHC dispensary. 
  
The sampling of the dispensary was done by the researcher with the help of qualified laboratory 
technicians to determine the microbial load using the UltraSnap™ ATP Surface Test. Samples 
were collected from across multiple surfaces (n= 124) in the HHC dispensary. Surfaces 
included working surfaces (n= 3), cabinet doors (n= 35), door handles (n= 2), remedy stock 
bottles (n= 11), bottle caps from remedy bottles (n= 11), measuring utensils (n= 27), shelves 
(n= 18), access windows (n= 1), sinks (n= 2) and the air conditioner (n= 1). After the initial 
sampling it was decided to add more highly-touched surfaces, which included the bin top (n= 
1), plastic organisers with drawers (n= 11) and the medical waste bin (n= 1). The UltraSnap™ 
Surface ATP test device and luminometer create a system used for monitoring hygienic status 
of surfaces on processing equipment and other environments in a wide range of industries. 
The system works by measuring adenosine triphosphate (ATP), the universal energy molecule 
found in all animal, plant, bacterial, yeast, and mould cells. Product residues from organic 
matter left on surfaces contain ATP. Microbial contamination on a surface contains ATP but 
typically in smaller amounts. When a sample is collected and ATP is brought into contact with 
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the liquid stable Luciferase/ Luciferin reagent in the UltraSnapTM test device, light is emitted in 
direct proportion to the amount of ATP present in the sample. The luminometer measures 
generated light and reports results in Relative Light Units (RLU). The RLU result provides 
information on the level of contamination within 15 seconds. The sampling of the dispensary 
was done in the mornings at 7:00 am before the clinic resumed work (9:00 am) for that day, to 
make sure that the staff and students working at the HHC were not aware of the study and thus 
altered their normal surface hygiene cleaning habits.  
 
The results of this study demonstrated that high RLU levels were found on high-touch surfaces 
with included the working surfaces, plastic organisers, taps, bins, sinks and windows. Lower 
RLU levels were observed on low-touch surfaces, which included the compounding equipment, 
cabinet and drawer handles and the stock bottles and caps. After disinfection using DistelTM 
High-level Laboratory Disinfectant statistically significant results were observed for the 
samples, before and after disinfection of the plastic organisers and the working surfaces. This 
demonstrated that there was a significant difference of p= 0.04 for the plastic organisers and 
p= 0.01 for working surfaces.  Additional statistical analysis was done using the Kruskal Wallis 
test (or one-way ANOVA of ranks test) to determine statistically significant relationship between 
the variables or groups (working surfaces, handles, stock bottles, compounding equipment, 
windows, sinks, taps, bins and the plastic organisers). This was followed by testing the groups 
with the pairwise Mann-Whitney test to determine specific significant relationships between the 
groups. Statistically significant results (p= < 0.005) were found for certain groups; namely the 
compounding equipment, handles, plastic organisers and the working surfaces which suggest 
that there may be cross contamination and transmission of microorganisms and germs 
between the surfaces and equipment. Since ATP testing measures the presence of organic 
matter, assumed to be the presence of microorganisms, from the data gathered in this study it 
can be concluded that the dispensary as a cleanroom is contaminated with microorganisms.  
In conclusion, the results of the study emphasised the need for the HHC dispensary to focus 
on having an effective cleaning and disinfection protocol in order to prevent the contamination 
of the surfaces with microorganisms and possible transmission of these microorganisms to the 
homeopathic medicines/ remedies. The use of ATP bioluminescence monitoring system has 
proven to be an effective tool in monitoring the surface hygiene of the dispensary surfaces. 
Further studies are needed to determine influences of microbial contamination and possible 
transmission on surfaces at the HHC and the HHC dispensary.  
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1.1 introduction  
Hygiene is one of the foremost concerns in all health care facilities. The University of 
Johannesburg’s Homeopathic Health Centre (HHC) dispensary has implemented strict 
protocols to ensure proper surface hygiene where remedies are compounded, stored and 
dispensed. If these hygiene protocols are only partially followed or neglected completely, 
microorganisms could start to colonize and multiply on the counter surfaces, remedy stock 
bottles and even on the equipment used in the compounding and dispensing of remedies. This 
could further result in the spread of infections, which could range from minor health effects to 
life threatening hazards. To date, only one study has been performed at the HHC consulting 
rooms at the University of Johannesburg (UJ), to assess microbial pathogens and the role they 
play in the potential influence on surface hygiene and the results demonstrated that all of the 
surfaces sampled contained microorganisms, with the highest bacterial counts on the tables 
and fungal colonization on beds (Kalubi, 2019). No research regarding the hygiene status in 
the HHC dispensary at UJ is available. 
 
1.2 Aim of the study  
The aim of this study was to evaluate the microbial load on surfaces to monitor surface 
cleanliness in the Homeopathic Health Clinic dispensary at the University of Johannesburg 
(Doornfontein campus) utilising the UltraSnap™ ATP Surface Test. 
 
1.3 Objectives of the study  
 
The objectives of this study were: 
1) To investigate the typical microbial load on the surfaces of the dispensary where 
medicines are compounded and dispensed using the UltraSnap™ ATP Surface Test 





1.4 Possible outcomes of the study  
Possible outcomes of the study were as follows: 
• To provide better insight on the microbial load with the current hygiene practices utilised 
by the HHC dispensary which will allow comment on the status of the cleaning practises 
within the dispensary and preventative measures relating to surface hygiene.  
• To aid in further research about the possible spread of pathogens in the HHC clinic and 
dispensary.  
• To determine if more training is required based on the results obtained. 
• This work will be submitted for at least one (1) publication in an accredited journal and 








2.1 Introduction  
The ongoing coronavirus disease 2019 (COVID-19) pandemic has put more emphasis on the 
significance of surface and personnel hygiene of hospital, health care facilities and cleanrooms 
in preventing the spread of the virus and other pathological organisms (Jiang et al., 2020). 
According to research done by the World Health Organization (WHO, 2015) on hygiene 
protocols, proper hand washing techniques together with strict surface hygiene have been 
proven to prevent transmission of pathogens between health-care workers and their patients 
as well as the surrounding environment. To date, only one study about hygiene has been 
performed at the Homeopathy Health Centre (HHC) consulting rooms at the University of 
Johannesburg, to assess microbial pathogens and the role they play in the potential influence 
on surface hygiene (Kalubi et al., 2019).  
 
2.2 Homeopathy  
 
2.2.1 The definition of homeopathy  
Homeopathy is taken from the Greek word “homos” which means “like” and “pathos” which 
means “suffering” (Jayasuriya, 2010). Homeopathy is a complementary medicine modality 
founded by Samuel Hahnemann, based on the Law of Similars and utilisation of ultra-dilute 
remedies. Homeopathic medicines are prepared according to procedures specified in the 
various official national homeopathic pharmacopoeias with the purpose of stimulating the body 
to heal itself (Carlston, 2003; Kayne and Kayne, 2017). 
 
2.2.2 The history of homeopathy 
Samuel Hahnemann was born on 10 April 1755. He was a medical doctor who qualified at the 
Frederick Alexander University in Erlangen in 1779 (Ernst, 2016). In 1790, Hahnemann 
translated and annotated a materia medica written by William Cullen (1710–90). While 
translating this book he disagreed with Cullen’s suggestion that the mechanism of action of 
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cinchona bark in the treatment of malaria. This was because as an apothecary assistant he 
knew of various stronger astringents other than cinchona that were not effective in the 
treatment of malaria and he decided to investigate his theory about cinchona by taking 
moderately large doses of the drug himself (Kayne and Kayne, 2017). He then established that 
the subsequent toxic effects were very similar to the symptoms experienced by patients 
suffering from malaria (De Schepper, 2006). 
After this finding Hahnemann’s curiosity was spiked. He then tried various other active 
substances on himself, his family and volunteers to attain evidence to substantiate his findings. 
In each case he found that the medicines taken could bring out the same symptoms of the 
diseases, which led him to  thoroughly build up substantial evidence giving birth to the of a Law 
of Similars based on the concept of ‘like cures like’. And he then termed the process of testing 
medicinal substances on healthy humans to bring out symptoms reflecting the use of the 
medicine as a ‘proving’. In 1810 Hahnemann published his most famous work, the ‘Organon of 
the Rational Art of Healing’ (Aversa et al., 2016). Six editions of the Organon where published, 
five during Hahnemann’s lifetime (Dasgupta and Hammett-Stabler, 2011). 
 
2.2.3 The principles of homeopathy  
There are several main principles that govern the practice of homeopathy that includes “like 
cures like” (Kayne and Kayne, 2017; Relton et al., 2017), the effects of minimum dose (Spinelli 
III, 2016), single remedies to treat a condition (Kayne and Kayne, 2017; Jonas and Jacobs, 
2009), the holistic approach to treating the whole patient (Bellavite, 2015), Hering’s law related 
to Homeopathic treatment cure (Kayne and Kayne, 2017), proving of substances (Bellavite et 
al., 2016) and potentization of substances to increase potency (Croce, 2019).  
 
2.2.4 Sources of homeopathic remedies  
Plants, animals and minerals are the three main sources of homeopathic medicines (Kayne 
and Kayne, 2017). There are three other sources of homeopathic medicines namely sarcodes- 
include endocrine glands as a whole, their normal products and secretions; nosodes- 
manufactured from diseased tissue and disease causing bacteria or viruses or some diseased 
part of humans, animals or plants; and imponderabilia- these remedies are made from energy, 
either from natural or artificial sources (Wadhwani, 2011; Rehman and Ahmad, 2017). All 
preparations are made according to the homeopathic pharmacopoeia, a legally binding 
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collection of standards and quality specifications for the manufacturing of homeopathic 
medicines used in a country or region (WHO, 2013). 
 
2.2.5 The preparation of homeopathic remedies  
Homeopathic medications are manufactured according to either the homeopathic 
pharmacopeia of the United States (HPUS) or the German homeopathic pharmacopeia (GHP) 
in accordance with Good Pharmacy Practice (GPP) and current Good Manufacturing Practise 
(GMP) (Frye, 2003). In South Africa you are required to have a Compounding and Dispensing 
license, to be granted the right to make and dispense homeopathic remedies to patients from 
your practice dispensary (SAPC, 2004; SAPC, 2019).   
 
2.2.6 The homeopathic dispensary  
A dispensary is a room (usually in a hospital or clinic) where medicines are made or prepared 
and given out to patients (Barnett and Flora, 2017). In homeopathy most of the medicines are 
prepared in the dispensary in different dosage forms which can be pillules, tablets, liquids and 
creams (Kayne and Kayne, 2017). In South Africa, homeopathic practitioners are required by 
law to have a Compounding and Dispensing License in order to be able to make and dispense 
homeopathic medicine to patients (SAPC, 2004; SAPC, 2019). 
 
2.3 Hygiene in dispensaries and pharmacies according to Good Pharmacy Practice 
(GPP) 
Strict rules have been put in place by the South African Pharmacy Council (SAPC) for medicinal 
products and the hygiene status of pharmacies and dispensaries as well as the personnel 
involved in the dispensing and packaging of medicines (SAPC, 2004; SAPC, 2019). The HHC 
dispensary follows a specific cleaning and disinfecting protocol which can be found in Appendix 
L. According to the SAPC guides for GPP, all personnel dealing with or handling medicines 
should adhere to the regulations about hygiene: 
 
1. In these rules “the Act” shall mean the Pharmacy Act, 53 of 1974, as amended, and any 
expression to which a meaning has been assigned in the Act shall bear such meaning. 
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2. The following rules to Annexure A of the Rules relating to good pharmacy practice are hereby 
amended – 
(a) Rule 1.2.4: Minimum standards for pharmacy premises, facilities and equipment - Control 
of access to pharmacy premises; 
(b) Rule 3.6: Minimum standards for locum tenens pharmacists and pharmacy support 
personnel; and 
(c) Rule 4.2.3.3: Minimum standards for pharmacy administration and management - Standard 
Operating Procedures. 
1.2 Minimum standards for pharmacy premises, facilities and equipment 
1.2.9 Hygiene in pharmacy premises: 
(a) There must be an area where equipment and other utensils can be washed which has a 
source of hot and cold tap water. (b) There must be a suitable, clean wash hand basin made 
of a smooth, washable and impermeable material which is easy to maintain in a hygienic 
condition and has a source of hot and cold tap water and a closed drainage system. (c) Toilet 
facilities must be kept clean and in good order. (d) Hand-washing facilities must be provided in 
the toilet area or the lobby together with a conspicuous notice requesting users to wash their 
hands. Facilities must include readily available hot water, soap and clean towels or other 
satisfactory means of drying the hands. (e)Toilet areas must not be used for storage, or as a 
source of water for dispensing. 
2.7 Minimum standards for the dispensing of medicine or scheduled substances on the 
prescription of an authorized prescriber. 
2.7.3 Safety in dispensing procedures 
2.7.3.8 Personal hygiene: 
(a) High standards of personal cleanliness must be observed in dispensing. (b) Direct contact 
between the dispensed product and the operator’s hands must be avoided. (c) Cuts or 
abrasions must be covered with a suitable occlusive dressing. A person with an open lesion or 
readily transmittable infection must report to the pharmacist who will decide whether they may 
be engaged in the dispensing process. (d) No personnel may smoke or prepare or consume 
food in any area where medicines are dispensed, sold or supplied. 
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3.7 Minimum standards for the management of human resources in wholesale pharmacies 
3.7.5. Hygiene: 
(a) Detailed programmes relating to hygiene must be established and adapted to the different 
needs within the wholesale, distribution and manufacturing pharmacy. They must include 
procedures relating to the health, hygiene practices and clothing of personnel. (b) Steps must 
be taken to ensure as far as is practicable that no person affected by an infectious disease or 
having open lesions on an exposed surface of the body is engaged in the handling of medicine 
or scheduled substances. (c) Eating, drinking, chewing or smoking in the pharmacy, or the 
storage of food, drink, smoking materials or personal medication in the storage areas must be 
prohibited. In general, any unhygienic practice within the facility where medicine or scheduled 
substances might be adversely affected, must be forbidden. (d) Personnel must be instructed 
to use the hand-washing facilities regularly. 
Failure to adhere to the GPP guidelines and provisions of the Medicines Act or the Pharmacy 
Act may result in their dispensing license being revoked (Dockrat, 2017). 
 
2.4 Significance of surface hygiene and monitoring  
Before addressing the importance of keeping good hygiene in the dispensary, it is important to 
first understand what an ideal (i.e. where the temperature, humidity and pressure are 
controlled) cleanroom in the pharmaceutical industry is. By definition, a cleanroom is a room 
where different products are manufactured in a controlled manner so as to minimize the 
introduction, generation and retention of microbial pathogens; where various strict measures 
are taken to ensure optimal cleanliness and limited contamination by people, processes and 
the equipment (Holbrook, 2009; Kitain, 2010). 
Surface and environmental hygiene is key in the prevention of health-care associated infections 
(HCAI) (Branch and Amiri, 2020). More and more literature is added on the vast list of data 
proving that there is a relationship between microbial contamination of surfaces in hospitals 
and other health-care facilities with the commencement of HCAIs particularly contiguous 
surfaces and equipment (La Fauci et al., 2017). It has been well established that these surfaces 
act as reservoirs for microbial growth and thus further increase the risk of cross contamination 
of important HCAI-causing bacteria, either by direct or indirect contact of these surfaces by 
health-care workers and/or patients as shown in Table 2.4 (Weber et al., 2013). While there 
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are different sources of contamination, the microbiota (microorganisms in a particular site or 
habitat) on the environmental surfaces and the finished pharmaceutical products can in fact 
originate from the production process, equipment utilised, water and even packaging (Tršan et 
al., 2019). The above statement is particularly important in the HHC as the student dispenser 
who handles such products may cross contaminate the medicine dispensed to the patient in 
the process of making the medicine.  
Good hand hygiene and compliance remains the most important method of infection control 
because health-care workers hands handle various inanimate objects that are colonized by 
microorganisms, increasing the chance of transmission of infections to patients and as well 
medicines and other medical devices (Borke et al., 2017; Sahoo et al., 2018). The continuous 
monitoring of microbial load and contamination of surfaces is important in improving hygiene 
levels of any cleanroom, pharmacy and dispensary as this also aids in good quality control 
(Türp, 2018; Bracher et al., 2019). The process of cleaning and disinfection of surfaces helps 
in achieving low levels of microbial bioburden for a cleanroom (Sandle, 2015; Tršan et al., 
2020). It is from this viewpoint and perspective that raises the need for different monitoring 
systems for cleanrooms to help in the infection and control of hospitals and health-care facilities 
(Tršan et al., 2020). Further risks of transmission of infections from poor hygiene practices are 
discussed later in the chapter.  
 
2.5 Different types of surface hygiene monitoring techniques  
While there are various methods of surface hygiene monitoring, the most commonly used 
methods include: traditional microbiological methods, visual inspection, fluorescent markers 
and bioluminescence (Nante et al., 2017).  
 
2.5.1 Visual inspection  
This method includes the inspection of general hygiene or cleanliness while also observing the 
hygiene practices of the staff/personnel, looking for anything that may pose as a contamination 
risk, ensuring that there’s proper cleaning techniques, and the temperature of the room remains 
constant (Ryan, 2007; Bonica, 2017). The major disadvantage of this method is that it is highly 
subjective in nature and is quite limited in accuracy by human senses, dependent on specific 
work experience and different sources of human bias (Rankin and Mildenhall, 2020). One of 
the biggest advantages of this method is its low cost. In addition to the low cost it’s also a quick 
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method to validate the level of hygiene and cleaning compliance. The job requires very limited 
equipment to accomplish it, just a torchlight for dark places (Frota et al., 2020). 
 
2.5.2 Microbiological methods  
Traditional microbiological methods are the most commonly utilised methods for evaluating 
hygiene. They are neither ideal nor are they suitable for routine monitoring of the hospital and 
pharmacy production environment. Furthermore, they involve sample cultivation and isolate 
identification, all of which are time-consuming, expensive and they don’t provide instantaneous 
results (Sutton, 2010; Tršan et al., 2020). 
The most commonly used microbiological method is the Replication Organism Detection and 
Counting (RODAC), whereby petri dishes are applied in contact plate form to detect the 
presence of microbes or pathogens present on surfaces, as well as to monitor the hygiene and 
cleanliness. RODAC plates include sterilized solid medium, Trypticase Soy Agar augmented 
with neutralizers, lecitine and polysorbate 80, which aid in the growth of live microorganisms 
(bacteria, and molds/fungi) as shown in Figure 2.1. These plates are sufficient for the collection 
of microbial samples from several surfaces and for the assessment of microbial contamination. 
Found on the bottom of the plate is the grid which makes the counting of the microbial growing 
colonies simpler for the analyst. Count of CFU (colony forming unit) is commonly used as an 


























Figure 2.1 A sample collection with a single RODAC agar contact plate into the Count- Tact® 
Applicator (UFAG Laboratorien, 2016). 
While the RODAC can indicate presumptively what microorganisms are present, it cannot be 
used for the routine monitoring of the HHC. The technique is time consuming; the results are 
not available immediately and they do not indicate the viable but non-culturable bacteria 
(bacteria that are alive but not dividing) (Kim et al., 2018).   
2.5.3 Fluorescent markers 
This method of monitoring by utilising a specific gel/ cream was created to evaluate the 
meticulousness of surface hygiene in health-care settings (Guh and Carling, 2010). The 
fluorescent gel is a considerably invisible translucent gel, this gel dries quickly on surfaces after 
application and it also withstands abrasion. There are also fluorescent powders and lotions, 
but little literature supports these for use in monitoring. Glo-GermTM is a type of fluorescent 
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based liquid cream that is visible under a black or UV light when applied to the skin as seen on 
Figure 2.2. As the fluorescent liquid can be transferred to another surface via physical contact 
and then again detected by black light, it is an ideal substitute to demonstrate transfer from an 
individual to a second individual or surface. This particular cream was used in the chiropractic 
clinic at the UJ, in a study to determine the routes of transmission of bacteria. The study found 
that routes of transmission exist between the student, practitioner, patient and the treatment 
bed (Ramsden et al, 2018; Schirmer et al., 2018). 
 
Figure 2.2 A picture of hands after routine hand washing and application of Glo-germTM cream 
under UV light (Glo-germTM, 2018). 
The above method is effective in showing where the microbial load is located in relation to 
cleaning practices, but it is time consuming and does not give an indication of actual microbial 
contamination (Davidson et al., 2017).  
 
2.5.4 Bioluminescence 
Bioluminescence is the measurement and emission of light from a living organism (Keyaerts et 
al., 2012; Sharifian et al., 2017). In the case of surface hygiene and sampling, the measurement 
of that light is used to quantify the organic matter or biological energy in a given sample 
(Branchini et al., 2018) .The most crucial energy store in all living cells is called Adenosine 
triphosphate (ATP), which is converted to Adenosine monophosphate (AMP) and 
pyrophosphate (PPi) to harness the energy contained within the phosphate bonds (Morciano 
et al., 2017). This chemical reaction can be quantified using the reaction shown in Figure 2.3 




Figure 2.3 The chemical reaction of the conversion of chemical energy to radiant energy 
leading to the emission of cold light or luminescence (Bergmann, 1999).  
Luciferin and the enzyme luciferase as shown in Figure 2.3 are both isolated from a light 
emitting fire-fly (Amaral et al., 2017; Adams and Miller, 2020). The amount of light formed is 
measured using a luminometer (HygienaTM, 2018; Iyer et al., 2019). This device (shown in 
Figure 2.4) contains a photomultiplier tube that is capable of measuring smallamounts of light 
energy. Results are expressed in relative light units or RLU. The amount of light formed is 
directly proportional to the amount of ATP, and that is in turn directly proportional to the 
microbial cells in a given sample (HygienaTM, 2018; Pierce et al., 2019). ATP testing is the 
chosen method for this study because the results are shown immediately. It also detects 
organic matter as well as microbial matter and is user friendly. The biggest disadvantage of 
ATP monitoring is the fact that it is expensive (Møretrø et al., 2019; Tršan et al., 2019). 
 
 
Figure 2.4 An example of an ATP luminometer and a swab (HygienaTM, 2018). 
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2.6  The ATP hygiene monitoring system  
 
Figure 2.5 Shows a summary of how a typical ATP test is conducted (HygienaTM, 2020). 
2.6.1 What is ATP testing? 
Adenosine Triphosphate (ATP) is an energy molecule that is found on all organic living things 
including bacteria and human tissues (Krebs et al., 1957; Kornberg et al., 1999; Rajendran et 
al., 2016). Therefore, the detection of ATP is a comprehensible indicator in measuring the 
microbial load or bioburden in the environment in turn determining the effectiveness of cleaning 
and disinfection protocols in removing microbial pathogens and organic spills (Frota et al., 
2020). The ATP surface hygiene testing system works by combining the ATP molecule with a 
liquid stable reagent (Bakke and Suzuki, 2018; HygienaTM, 2020). The chemical reaction that 
is produced by the combination emanates light, which is measured as a direct proportion of the 
amount of ATP present in the sample providing information on the level of contamination in 
seconds (HygienaTM, 2018; Thompson et al., 2019; Unković et al., 2019) 
 
2.6.2 Benefits of ATP hygiene monitoring in health-care  
The use of ATP bioluminescence for the verification of hygiene protocols and ensuring proper 
cleaning is well established and it comes highly recommended on the on the serious fight the 
health-care system is  facing against HCAIs (Zdravkovska and  Popovska, 2012; Veiga-Malta, 
2016; Mitchell et al ., 2020). The test is recognized by the Centre for Disease Control (CDC) in 
many countries since its introduction in 2008. Use of the test has demonstrated an 
improvement in cleanliness of hospitals and other health-care sectors accompanied by a 
consistent decrease in infection rate (Collins, 2008; Vermeil et al., 2019). For over 3 decades 
the food industry has been using ATP testing to assess cleanliness and its utilisation in the 
health-care system is rising (Nante et al., 2017).  Even though the food and health-care sector 
14 
 
are significantly different in most aspects, they both share the one critical need for effective 
hygiene protocols because even a single lapse in hygiene for either of these industries can 
have really dire consequences (Vincent and Amalberti, 2016; Forsythe, 2020). Below is Table 
2.1 with a summary of some of the benefits of ATP monitoring in the health-care sector:  
 
Table 2.1 A summary of some of the benefits of ATP hygiene monitoring in health-care 
Benefits of ATP bioluminescence in 
the health-care sector 
References  
Assess the cleanliness of a surface 
immediately after cleaning it  
Benardini and Venkateswaran, 2016; 
Ho et al., 2016; Deshpande et al., 2020 
Rapid, effective and accurate method 
of validating hygiene practices 
Rodriguez and Hooper, 2019; Viator et 
al., 2017; Mitchell et al., 2020   
Optimize the use of sanitizers and 
disinfectants  
 
Deshpande and Donskey, 2017; 
Kenters et al., 2018; Gonzalez et al., 
2019;  
Validate training of staff and health-
care workers and compliance with 
recommended cleaning practices  
 
Mitchell et al., 2017; Peters et al., 2018; 
Rutala and Weber, 2019 
The prevention of health-care 
acquired infections  
 
Bello, 2019; Casini et al., 2017; 
Fernando et al., 2017; Wong et al., 2018 
Used to verify cleaning  
 
Arroyo et al., 2017; Chang et al., 2019; 
Sanna et al., 2018 
 
2.6.3 UltraSnap™ Surface ATP Test: HygienaTM ATP Monitoring System 
While there are many different types of ATP tests available, Hygiena UltraSnap™ Surface ATP 
Test was chosen for this study. It is a self-contained device for use with HygienaTM 
luminometers that serves as a user-friendly, all-in-one test for rapid microbial detection and 
monitoring. The RLU results provides information on the level of contamination within seconds. 
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The RLU level is directly proportional to the amount of ATP present which represents the 
surface cleanliness. Therefore, the higher the RLU, the more contaminated the surface 
(HygienaTM, 2018). 
There is currently no benchmark value or consensus on standardized or acceptable pass/fail 
RLU values (Halimeh et al., 2019). Figure 2.6shows the different benchmark values from 
different ATP devices from 2000-2014 as reported by Nante et al (2017). The ATP values from 
high-touch surfaces significantly differ because of material-dependent properties (Shimoda et 
al., 2015). Benchmark values for ATP and hallmark values for evaluating environmental 
hygiene have been proposed as 250 RLU/10 cm2 and 2.5–5 CFU/cm2 respectively (Boyce et 
al., 2009; Shimoda et al., 2015). In another study done at two hospitals to evaluate surface 
hygiene in frequently touched patient areas, it was determined that 100 CFU/cm2 and 40 
RLU/cm2 were considered as the threshold values for medium-risk category areas and 250 
CFU/cm2 and 50 RLU/cm2 were defined for the low-risk category ones using a highly sensitive 
ATP luminometer (Casini et al., 2018). 
 
Figure 2.6 Different benchmark values from various ATP devices in a period of 2000 to 2014 
(Nante et al., 2017). 
 
When ATP hygiene monitoring was first proposed, the sampling area was a 100 cm2 area with 
a target level 500 RLU was established with the aid of Cleantrace ATP testing device, further 
research studies utilising similar branded equipment with the same sampling area were 
conducted and the hygiene standard was reconsidered and proposed to be 250 RLU (Lewis et 
al.,2008; Anderson et al., 2011; Whiteley et al., 2016; Reese et al., 2019). Studies that used 
the HygienaTM ATP monitoring system confirmed 100 RLU was the hygiene threshold with 
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sampling area being reduced to a more workable 2 × 5 cm (10 cm2) area (Mulvey et al., 2011; 
Whiteley et al.,2016; Nante et al., 2017; Inkinen et al., 2019). Research studies using ATP 
testing to assess surface hygiene have analogized several alternative methods for hygiene 
monitoring and demonstrated that ATP testing is a more reliable indicator (Colbert et al., 2015; 
Visrodia et al., 2015; Bakke and Suzuki, 2018). Because the ATP test is easy to use and the 
results are quickly obtained, it can be utilised as a daily hygiene monitor in the HHC dispensary 
to ensure that the surfaces remain within the reasonable ranges (Hennings, 2019). 
 
2.7 Community acquired infections  
Community-acquired infections (CAIs) are defined as infections that are acquired within the 
community. They manifest and are diagnosed within 48 hours of admission of patients into 
healthcare facilities without any previous health-care services encounter (Taplitz et al., 2017). 
The health-care services are not explicitly stated, but Homeopathy by definition can be 
considered as a non-invasive health-care service (Levy et al., 2015). Therefore, if a patient 
acquires an infection after a homeopathic consult/ visit it can be assumed to be a CAI because 
of the encounter with the beds, tables, chairs etc. in the consult room and waiting area. It is 
very important to note that a major risk of acquiring CAI is poor personal and environmental 
hygiene as well as poor living conditions within a community (Alsan et al., 2018). 
 
2.8 Health-care acquired infections 
Health-care acquired infections (HCAIs) or nosocomial infections (NIs) by definition are 
infections occurring in a patient admitted at a clinic or hospital and other health-care facilities 
for at least 48–72 hours after being admitted, in which the infection was not there or incubating 
during the period of admission (Haque et al., 2018). These health-care acquired infections 
include infections that were developed in the hospital but appeared after being discharged and 
work-associated infections among staff within a hospital or health-care centre (Bouza et al., 
2019). Bereket et al., (2012) specified that an infection is not termed as nosocomial if it was 
already present when the patient was admitted to a health care facility. However, such 
infections can only be termed nosocomial if there is a variation in symptoms or pathogen which 
may point to the acquirement of a new infection. It is important to note that even though 
homeopathy does not involve invasive procedures, HCAI can be acquired and transmitted in a 
number of ways which will be discussed later. 
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Nosocomial pathogens have been shown to either originate from the patient’s own body 
(endogenous flora) while a higher number of these pathogens are acquired from external 
sources like the environment, equipment, surfaces and from touch (exogenous flora) (Mbim et 
al., 2016). Epidemiological studies have shown that pathogenic bacteria, viruses and fungi 
present in the air, on surfaces and on equipment may cause health-care acquired infections. 
Since the 1980s many pathogens have been identified as contributors to the spread of health-
care acquired infections worldwide. Pathogens such as Clostridium difficile and Escherichia 
coli for example, have been identified as having a strong relationship between surface 
contamination and transmission, and they are developing resistance to disinfectants and 
antibiotics (Hamilton, 2013; CDC, 2017). 
 
2.8.1 Sources of health-care acquired infections 
There two most common sources of health-care acquired infections are endogenous (these 
are sources of infection that arise from within the body) as shown in Table 2.2 and exogenous 
sources of infection (these are sources that involve a microorganism entering a patient's body 
from his/her environment) as shown in Table 2.3. But transmission can also happen between 
the air, from medical equipment and from environmental surfaces. While there are many ways 
of transmitting HCAIs in different health-care settings, at the HHC dispensary there is a lot of 
contact between the student dispenser and the surrounding surfaces, equipment and 
medicines hence we will be further discussing health- care workers and fomites as possible 
sources of infection below:  
Health- care workers (HCWs) 
Vast literature has shown that health-care personnel carry multiple-drug resistant 
pathogenic bacteria on their hands and other protective wear like gloves which are potential 
sources of health-care acquired infections (Sultana et al., 2018). Doctors and the rest of the 
health-care personnel can serve as vehicles for the spread or transmission of nosocomial 
pathogens from different hospital wards to ICUs (Fahed et al., 2007). Health-care workers 
and patients (usually asymptomatically colonized by pathogens) are the key sources of 
methicillin-resistant Staphylococcus aureus (MRSA) in hospital setting. They institute a 
significant source of health-care acquired infections and its spread in both the hospital and 
in the community (Singh et al., 2017). Personnel handling several patients, beds and 
equipment are more likely to transmit pathogens cyclically (Murad and Inam, 2016). 
Standard gloves primarily serve as carrier of pathogens which may cause contamination of 
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the skin of HCWs during glove removal; therefore, pathogens may be further transmitted to 
medicines and patients (Gleser et al., 2018). In the HHC dispensary gloves are used all the 
time when compounding remedies; this raises the concern of gloves transmitting pathogens 
to the remedies dispensed to patients.  
Fomites- medical equipment, devices, hospital instruments and fixed structures  
A fomite, by definition, is an inanimate object that can act as the vehicle for transmission of 
pathogenic microorganisms (CDC, 2012). A study done between 2005 and 2013 about the 
use of mobile phones as a source of HCAIs in hospitals demonstrated that there was 
repetitive cyclical contamination between the hands, face, eyes, nose, ears, and lips. 
Together with these the attitudes of health care personnel about hygiene were studied, out 
of these, 19 (48.7%) recognized coagulase-negative staphylococci (CoNS), and 26 (66.7%) 
as Staphylococcus aureus (Ulger et al., 2015). Hospital personnel can transmit pathogens 
via their hands as well as contaminated medical equipment like stethoscopes, 
sphygmomanometer, gloves, face masks, neck ties, ball-pens, clinic coats, computers and 
keyboards (Jeyakumari et al., 2017).  
Strains of S. marcescens, P. aeruginosa  and  New Delhi metallo-β-lactamase (NDM)–
producing E. cloacae in paediatrics and patients that have hematological cancers were 
linked to the contamination of refillable reusable  liquid hand sanitizing soaps or dispensers 
of triclosan soap aiding in the spread of microorganisms via the hands of health-care 
personnel to patients (Takahashi et al., 2004). A temperature probe of a humidifier was 
found to be contaminated with Acinetobacter baumannii which caused a hospital epidemic 
of pneumonia amongst patients in the ICU even though the probe was sterilized with a 70% 
alcohol disinfectant as per the recommendation of the manufacturer (Snelling et al., 1996). 
Waiting rooms and paediatric wards have been reported to have toys that are contaminated 
with various pathogens (Avila-Aguero et al., 2004).  Other miscellaneous objects like pens 
and spectacles may be responsible for the transmission of pathogenic organisms like 
Acinetobacter spp. and vancomycin-resistant enterococcus faecium (VRE) (Murad and 
Inam, 2016). This is an issue for the students in the HHC dispensary because they use 
pens to write scripts and labels for the medicine dispensed to patients.  
A study done in Bangladesh to evaluate the microbial load on non-sterile drug store syrups 
found Alcaligenes, Pseudomonas, Staphylococcus, Bacillus, Proteous, Klebsiella on all 
suspensions and it was then concluded that syrup bottles can be potential fomites for 
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health-care acquired infections (Islam et al., 2015). Another study also showed black mould 
contamination on pharmaceutical products produced in a sterile room on the surfaces, 
personnel, walls/floor and water which resulted in a loss of life (Vijayakumar et al., 2016). 
Health-care associated hepatitis C virus epidemic is associated with contamination of 
medication vials by health-care personnel with new sterile needles as well as sterile 
syringes. This resulted in contamination of the contents of the vial in adequate amounts to 
trigger an infection where the virus remains stable in sufficient amounts to infect patients 
that follow (van Vlymen et al., 2019).   
A study performed in 24 hospital pharmacies to assess the chemical contamination of 
surfaces by cytotoxic antineoplastic agents during preparation of injectable chemotherapies 
revealed that even clean rooms and storage facilities were contaminated with cytotoxic 
agents (Fleury-Souverain et al., 2015). Bipolaris hawaiiensis fungal endophthalmitis caused 
by contamination of intravitreal triamcinolone was found on 23 patients from Franck’s 
Compounding Pharmacy, with this type of fungi being linked to meningitis (Small et al., 
2019). These above studies show how medicines dispensed to patients from HHC 
dispensary could potentially harbor and transfer nosocomial pathogens to patients putting 
emphasis on strict cleaning and disinfecting protocols. 
 
Table 2.2 Endogenous sources of HCAIs and the type of infections caused. Adapted from 
Jamal (1981) and Khan et al., (2017).  
Sources  Principle pathogen Type of infection  
Skin  Staphylococcus aureus Wound infections 
Skin sepsis 










Urinary tract infection 






Female genital tract  Gram-negative bacteria  
Group B Streptococcus 
Bacteroides 
Urinary tract infection 




Table 2.3 Exogenous sources of infection: principal pathogens and routes of transmission. 
Adapted from Jamal (1981) and Khan et al., (2017).  
Source Pathogen Route of transmission 
Health-care personnel  Staphylococcus aureus Airborne  
Hands and clothes of the 
staff 
Staphylococcus aureus 
Gram- negative bacilli  
Contact 
Contact  
Wound dressings Staphylococcus aureus Airborne  
Dust Staphylococcus aureus Airborne 
Fomites Staphylococcus aureus 
Gram- negative bacilli 
Contact  
Contact  
Fluids and disinfectants  Gram- negative bacilli  Contact  






Gram-negative bacilli Contact  
Inadequately cleaned 









2.8.2 Modes of transmissions of health-care infections  
There are four key routes for the transmission of health-care acquired infections i.e. airborne, 
contact, vector-borne and vehicle (WHO, 2015) but pathogens can also be transmitted via oral 
and parental routes. Table 2.4 summarizes the common modes of transmission with some 
examples of the organisms involved: 
 





Transmission  Examples of 
organisms involved 
References  
Direct contact  Patients, Health-
care workers 






aureus, gram negative 
organisms, viruses 
Tenna et al., 2013; 
Marra and Edmond, 





gloves, lab coats, 
stethoscopes, soap 
dispensers, pumps 
Passive via an 
intermediate object 




syncytial virus MRSA, 
Pseudomonas, VRE, 




Singh et al., 2019 
Droplets Patients and 
Health-care 
workers 
Via large particle 
droplets size range (> 
5 µm) transferring the 
bacteria when the 
sources and the 






all rhinoviruses, the 
adenovirus 
La Rosa et al., 2013; 
Suleyman et al., 
2018 
Airborne  Patients, Health-
care workers, dust 
Airborne or aerosol 
transmission refers to 
Mycobacterium 
tuberculosis Legionella 
Tang et al., 2006; 
Tran et al., 2012 
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the spreading of either 
droplet nuclei or small 
particles (aerosols) in 
the respirable size 










suctioning of the 
airway, or through 
nebulizing treatment) 
spp., P aeruginosa, A. 
baumannii, SARS-
CoV, COVID-19  
Mirhoseini et al., 
2016; Zhang et al., 
2018; Li et al., 2019; 






or food  
From contaminated 
fomites or vehicles that 
act as a vector for the 
transmission of the 
microbial pathogens 
(contaminated water, 
infusions, feedings)  
Hepatitis B virus, 
gram-negative 
organisms, candida, P. 
aeruginosa, 
Kanamori et al., 
2016; Zhou et al., 
2016; Gamage et al., 
2017 
 
2.9 Hygiene Control and Infection Prevention  
In comparison to hospitals, some smaller clinics lack the resources and infrastructure to 
perform proper infection control and prevention (Perdijk et al, 2017). Being a major cause of 
disability, sickness and death, health-care acquired infections need to be prevented from the 
base line so that transmission can be controlled (Khan et al., 2017). The CDC together with 
the Health Care Infection Control Practices Advisory Committee (HCPAC) propose that 
surfaces in close proximity to patients and “high-touch” surfaces must be appropriately cleaned 
and disinfected, and that hospitals and health-care facilities must warrant that its personnel 
adheres to proper hygiene protocols (Chemaly et al., 2014; Kalubi et al., 2019). Choosing the 
ideal infection and hygiene control methods depend on which microorganisms or modes of 
transmission the health-care workers and/or the patients are exposed to or are expected to be 
exposed to (Naidoo, 2017). 
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2.9.1 Hand Washing and Sanitizing 
Hand hygiene is imperative for disturbing the transmission of pathogens through hands and in 
infection control (Tuladhar et al., 2015). Protocols have been established on this technique of 
infection control and puts much emphasis on simple steps like washing hands under running 
water, the use of antiseptic products and different drying methods (Mathur, 2011; Naidoo, 
2017). The practices, attitudes and knowledge of correct hand washing techniques are also 
very crucial amongst health-care workers (Pérez-Pérez et al., 2015). A study reported a 
statistically important reduction in Clostridium difficile infection, VRE, MRSA and extended-
spectrum Beta-lactamase producing gram-negative bacteria at a hospital by improving hand 
hygiene compliance (Horn and Otter, 2015). Another study performed at a community hospital 
displayed that compliance with hand hygiene can be influenced by visibility and accessibility of 
sanitizing dispensers. It was concluded that the closer the sanitizing dispensers are, the better 
the chances of using them (Cure and Van Enk, 2015). In the dispensary at the HHC, hand 
washing between making different remedies, drawing injections, writing scripts and dispensing 
to patients, would be key to help control transmitting pathogens, as Kalubi et al (2019) found 
at the HHC.  
2.9.2 Environmental Cleaning and Disinfection 
There is vast and excellent evidence that supports the scientific literature about environmental 
surface contamination playing a significant role in the transmission of several key nosocomial 
pathogens, including MRSA, VRE, Acinetobacter spp, norovirus, and Clostridium difficile 
(Rutala and Weber, 2016). It is paramount to note that there is a difference between cleaning 
and disinfection and that these two are related when it comes to health-care settings (Perdijk 
et al., 2017). ‘Cleaning’ is the action of eliminating dirt, germs and impurities on the surfaces 
or the surrounding objects by utilising soap or a detergent and water (preferably hot) to 
physically remove the dirt or germs from surfaces. While this process does not unequivocally 
kill germs, it does however lower the pathogenic colonization and the risk of transmission of 
infection (CDC, 2019).  
‘Disinfecting’ refers to the killing of germs on surfaces or objects by make use of chemicals. 
This process however does not essentially clean dirty surfaces or eradicate germs, but it works 
by killing the germs on the surface after cleaning to further lower the risk of the transmission of 
infection (CDC, 2019). It is extremely important to clean and disinfect the countertops and 
surfaces where medication is compounded and prepared at least daily and when visibly dirty 
(Naidoo, 2017). According Spaulding disinfection can be understood better if devices and 
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instruments involved in patient care were distributed into three different categories based on 
the degree of risk of infection. The three categories he described were: critical (which go in 
sterile tissue and must remain sterile), semi-critical (touches mucous membranes or open skin 
and necessitates high-level disinfection), and non-critical (touches intact skin and needs low-
level disinfection) (Rutala and Weber, 2019). References and protocols for surface cleaning 
differ by region and the type of surface and should be directed by local needs and resources 
(Doll et al., 2018). 
 
2.10 Disinfectants and their role on surfaces  
There are vast research studies detailing that daily disinfection of highly-touched surfaces 
reduces the microbial load of pathogens especially MDR pathogens in the health-care 
environment (Alfa et al., 2015). The different disinfectants utilised in health-care facilities are 
‘one-step’ products, meaning that they clean and disinfectant at the same time rather than 
needing to clean after disinfecting (Rutala and Weber, 2016). Current studies have 
demonstrated that the use of ’no-touch’ disinfection technologies like hydrogen peroxide vapor 
(HPV) systems and ultraviolet light (UVL) can significantly reduce the spread of nosocomial 
pathogens subsequently preventing the spread of HCAIs (Marra et al., 2018).  
While unique biocides, cleaning products, antimicrobial coatings, monitoring practices and 
automatic equipment are extensively accessible they do not necessarily eliminate all the 
microbial load on environmental surfaces, but they have the most understandable patient 
outcome (Dancer, 2016). There is a requirement for disinfectants that are effective on both 
hard and soft surfaces and can be tolerated well by the environment and health-care personnel 
while making sure that surfaces remain undamaged (Alhmidi et al., 2017).  
 
2.10.1 Biocides  
A biocide is the term given to a chemical substance or microorganism which is intended to kill, 
inhibit, and render harmless or utilise a controlling effect on any harmful organism by utilising 
biological or chemical means (Choudhury, 2017). 
  
a) Alcohol  
For many years isopropyl and ethyl alcohol have been used as low-level disinfectants in health-
care settings. Current studies have found that 60%–70% solutions of ethyl alcohol prevents 
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protein synthesis in E coli by directly effect on ribosomes and RNA polymerase and has in vitro 
effect against the Ebola virus, murine norovirus and numerous other coronaviruses (Boyce, 
2018). Isopropyl alcohol is effectively bactericidal when used against different vegetative gram-
positive and gram-negative bacteria, as well as fungicidal, tuberculocidal, and virucidal against 
enveloped viruses but does not inactivate spores (Edmiston et al., 2019). Ethanol has been 
shown to inhibit bacterial growth particularly when it is used in high concentrations against S. 
mutans and S. aureus (Chidambaranathan and Balasubramanium, 2019). While this biocide 
has many advantages, the fact that it’s highly flammable and has a strong scent, makes it an 
ideal disinfectant but not a cleaning agent in the dispensary because of its close proximity to 
the remedies and remedy vehicles. 
 
b) DistelTM High Level Laboratory Surface Disinfectant 
DistelTM High Level Laboratory Disinfectant is classified as a biocide under the European Union 
Biocides Regulation (Brennan and company, 2018). It is a multi-purpose, has an alcohol-free 
based formula which is used in cleaning and disinfecting laboratory equipment, hard surfaces 
and organic spills. It is highly effective against bacteria, viruses, fungi, mycobacteria and 
denatures DNA/RNA and can be used in all high-risk/ high-touch areas and surfaces as well 
as on glass, metal, ceramics, fabric, plastic and rubber. DistelTM is biodegradable under 
Organization for Economic Cooperation and Development (OECD) conditions, making it easy 
to use as well as non-scented making it an ideal choice for pharmacies and dispensaries 
because of it being a 2 in 1 cleaning and disinfecting agent (Kruger et al., 2017; Brennan and 




c) Hydrogen peroxide 
Hydrogen peroxide (H2O2) functions as an oxidant that is toxic to bacteria and viruses as it 
works by producing hydroxyl-free radicals which attack the lipids, proteins and nucleic acids. 
These properties further allow hydrogen peroxide to hinder the infection and the replication 
process of the viruses by hindering the proper functioning of proteins by attacking nucleic acids 
(Zonta et al., 2016). A study on the bactericidal effectiveness of hydrogen peroxide‐based 
disinfectants against gram‐negative and gram‐positive bacteria on surfaces made from 
stainless steel demonstrated that hydrogen peroxide was more effective against E. 
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hirae and P. aeruginosa than to S. aureus (Ríos‐Castillo et al., 2017). Hydrogen peroxide 
aerosol no-touch systems have been shown to deactivate microbial pathogens experimentally 
positioned in hospital wards and different rooms and in the decontamination of surfaces in 
hospital wards or rooms where MDR pathogens were naturally found (Weber et al., 2016). This 
is however a more expensive approach to infection protocol and requires a built-in system 
making it unsuitable in the dispensary because it is not certain whether the free radicals can 
denature the remedies.  
 
2.11 Related research 
In previous years, many studies have aimed to identify health-care acquired infections and 
implement ways in which they can be dealt with (Hefzy et al., 2016). A previous study 
performed at the Chiropractic Clinic at UJ concluded that there was no observable decrease in 
the number of bacteria found on treatment beds over a six-hour period if no intervention 
(hygiene practices) was applied to the beds. When proper hygiene protocols were followed 
using alcohol and Distel, a decrease in the number of pathogens was seen within five minutes 
with no bacterial growth in six hours (Kruger et al., 2017). Eves et al (2017) identified the 
presence of Staphylococcus epidermis, Vibrio fluvialis and Proteus mirabilis on both patients’ 
and practitioners’ hands, and after proper handwashing techniques were followed, a reduction 
in the number of these pathogens was observed. A previous explorative study done at the HHC 
in the consultation rooms showed that all of the surfaces sampled contained microorganisms, 
with the highest bacterial counts being found on tables and fungal counts found on beds, which 
emphasises the need for an effective disinfection protocol (Kalubi et al., 2019). 
A study performed at a hospital in Tanzania to evaluate the presence of pathogens on samples 
of tablets, syrups, and capsules from the hospital’s outpatient pharmacy. The results showed 
that 50% of all tested products were heavily contaminated, and the main contaminants included 
Klebsiella-, Bacillus-, and Candida species due to non-sterile pharmaceuticals most likely 
microbiologically contaminated by poor handling whilst dispensing, repackaging, and/or non-
adherence to good manufacturing practice (Mugoyela and Mwambete, 2010). In conclusion 
keeping a dispensary or pharmacy absolutely sterile and strictly adhering to GPP is paramount 
to avoid microbial contamination of medicines which in turn may contribute to development of 




2.12 Concluding thought  
While many of the above mentioned HCAI may never be encountered at the HHC it is essential 
to note that any of the listed HCAI are opportunistic and this speaks to the importance of 
keeping the dispensary (as a cleanroom) absolutely clean and the need for suitable hygiene 
monitoring systems to help in the prevention of HCAIs and reinforcing strict adherence to 
proper cleaning and disinfection protocols especially now because of the recent coronavirus 








3.1 Introduction  
This chapter describes the study design, objective measurements, the data evaluation 
techniques, statistical analysis tools and ethical considerations. 
The study used the UltraSnap™ ATP Surface Test to monitor intracellular ATP loads on 
surfaces within the University of Johannesburg Homeopathic Health Clinic (HHC) dispensary. 
 
3.2 Study Design 
This study was an exploratory study with a quantitative research design using objective 
(organic matter) data.  
 
3.3 Sampling site 
The dispensary at the HHC as shown in Figure 3.1 was evaluated and samples were collected 
from across the surfaces (n= 124) in the dispensary. Surfaces included table tops (n= 3), 
cabinet doors (n= 35), door handles (n= 2), remedy stock bottles (n= 11), bottle caps from 
remedy bottles (n= 11), measuring utensils (n= 27), shelves (n= 18), access windows (n= 1), 
sinks (n= 2) and the air conditioner (n= 1). After the initial sampling it was decided to add more 
highly touched surfaces, which included the bin top (n=1), plastic organisers with drawers 
(n=11) and the medical waste bin (n=1).  
 
3.3.1 Inclusion criteria  
The study included specific samples such as high-touch surfaces, working surfaces and 
compounding equipment used frequently in the dispensary.  
 
3.3.2 Exclusion Criteria  
The tincture bottles, remedy medicating potencies, and the shelves inside of the cabinets were 




Figure 3.1 The dispensary surfaces that were sampled   
 
3.4 Sampling and sample analysis 
Sampling of the dispensary was done by the researcher with the help of qualified laboratory 
technicians to determine the microbial load using the UltraSnap™ ATP Surface Test (Appendix 
C). Following the Ultrasnap protocol, the researcher sampled the working surfaces first 
followed by the shelves, plastic organisers, sinks and the top of the air conditioner and  fans. 
The rest of the surfaces were sampled randomly. For hard-to-reach places, the cotton buds of 
the swabs allowed for ease of use in reaching such surfaces. UltraSnap™ is a user-friendly, 
all-in-one ATP sampling test used with HygienaTM luminometers. It is a pen-sized sample 
collection device described as easy to use, small and environmentally friendly. In addition, 
UltraSnapTM uses a unique liquid-stable reagent providing enhanced accuracy, longer-lasting 
signal strength and more accurate & reproducible results. The sampling of the dispensary was 
done in the morning at 7:00 am before the clinic resumed work (9:00 am) for that day and 
lasted for 2 hours, to make sure that the staff and students working at the HHC were not aware 
of the study and thus alter their normal surface hygiene cleaning habits. After nine weeksfrom 
the original sampling, the researcher introduced DistelTM to a selected few surfaces in order to 
test the new cleaning and disinfecting protocol. 
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The UltraSnap™ Surface ATP test device and luminometer create a system used for 
monitoring hygienic status of surfaces on processing equipment and other environments in a 
wide range of industries (Appendix D; HygienaTM, 2018). The system works by measuring 
adenosine triphosphate (ATP), the universal energy molecule found in all animal, plant, 
bacterial, yeast, and mold cells. Product residues from organic matter left on surfaces contain 
ATP. Microbial contamination on a surface contains ATP but typically in smaller amounts. 
(HygienaTM, 2018). When a sample is collected and ATP is brought into contact with the unique 
liquid stable Luciferase/ Luciferin reagent in the UltraSnap test device, light is emitted in direct 
proportion to the amount of ATP present in the sample. The luminometer measures generated 
light and reports results in Relative Light Units (RLU). RLU result provides information on the 
level of contamination within 15 seconds (HygienaTM, 2018). 
3.4.1 Directions of use from HygienaTM 2018: A summary of the directions of use is shown 
in Figure 3.2. 
1. Thoroughly swab a standard 10 x 10 cm (4 x 4 inches) area for a typical flat surface. 
Swab tip is pre - moistened for maximum sample collection. For irregular surfaces, 
ensure swabbing technique remains consistent for each test and swab a large enough 
area to collect a representative sample.  
2.  After swabbing, replace swab back in swab tube. 
3. To activate device, hold swab tube firmly and use thumb and forefinger to break Snap -
Valve by bending bulb forward and backward. Squeeze bulb twice, expelling all liquid 
down swab shaft.  
4. Bathe swab bud in liquid by shaking for 5 – 10 seconds. Once activated, sample must 
be read in luminometer within 30 seconds.  
5. Holding luminometer upright, insert entire UltraSnap device into HygienaTM 
luminometer. 
6. If using the EnSURE ™ or SystemSURETM Plus, close lid and press "OK" to initiate the 
measurement. Refer to the instrument manual for operating instructions. Results will be 





Figure 3.2 The manufacturer’s guidelines on the swabbing procedure for the HygienaTM, ATP 
surface testing (HygienaTM, 2018). 
3.5 Validity and Reliability  
The UltraSnap™ ATP Surface Test is used to measure residual ATP as it’s an indicator of 
biological residues that remains on surfaces and equipment after these have been cleaned and 
swabbed (Syrovátková, 2019). Samples were collected and tested using the HygienaTM 
Monitoring System. Daily results were written down and electronically stored in the HygienaTM 
monitoring system which was synchronised with the SureTrend™ Software Program. 
HygienaTM announced the AOAC Research Institute, one of the world’s most recognisable 
product certification organisations, and has issued its Performance Tested Method℠ certificate 
to the UltraSnap™ Surface ATP Test for identifying the possible presence of microbial 
contamination (Appendix E). The Association of Official Analytical Chemists (AOAC) 
international is the forum for finding appropriate science-based solutions through the 
development of microbiological and chemical standards (Appendix E).  AOAC standards are 
used globally to promote trade and to facilitate public health and safety. The AOAC 




evaluation or as an entry to method validation for programs requiring increased confidence and 
method reproducibility information. 
 
3.6 Data analysis 
The relative light units (RLU) levels were calibrated from the UltraSnap™ device into the 
HygienaTM ATP monitoring system. To assist in the statistical analysis, SureTrend™ Data 
Analysis Software was used to interpret the ATP test result from the HygienaTM Monitoring 
system into comprehensive reports. Results were documented and entered into Microsoft 
Excel sheets.  Statistical analysis was conducted in IBM SPSS Statistics v 25 by STATKON. 
The Kruskal Wallis test (or one-way ANOVA of ranks test) was run to determine statistically 
significant relationship between the variables. This was followed by testing the groups (or 
variables) with the pairwise Mann-Whitney test to determine specific significant relationships 
between the groups was used to describe the data. Data was used to describe microbial loads 
on surfaces and potential microbial hotspots on the surfaces. Additional analytical parameters 
were evaluated by a statistician at the UJ STATKON. 
 
3.7 Ethical considerations 
Approval to conduct this study was granted by the UJ Faculty of Health Science Higher 
Degrees Committee (Appendix A) (HDC- 01-60-2019) and Research Ethics Committee 
(Appendix B) (REC-01-63-2019). Permission to have access to the HHC dispensary was 
granted by the Health Training Centre Manager (Appendix F) and the Homeopathic Head 
Clinician and the Head of Department (Appendix G). Basic safety gear like gloves, face masks 
along with long sleeved garments and closed shoes was worn to avoid contamination (Reed, 
2013) and ensure that the health of the researcher was not compromised while doing the 
research (Cappuccino and Welsh, 2017). All waste was discarded, removed and disposed by 
the UJ approved supplier according to the agreed upon protocols using the supplied biohazard 
disposal bags and containers (Appendix H). The name of the university will be omitted when 
publishing the research.  
This dissertation was submitted to Turnitin (anti-plagiarism software) and was found to be 
within required acceptable plagiarism levels (Appendix K). 





          
RESULTS AND DATA ANALYSIS 
4.1 Introduction 
The aim of this study was to evaluate the microbial load on surfaces in the Homeopathic Health 
Centre (HHC) dispensary at the University of Johannesburg (Doornfontein campus) by utilising 
the Hygiena UltraSnap™ ATP Surface Test. This chapter provides findings and analysis of the 
data collected by the researcher in order to gain insight of the microbial load and possible 
hotspots on the surfaces and measuring equipment (beakers, cylinders and funnels) in the 
HHC dispensary. 
4.2 The UltraSnap™ ATP Surface Test 
The UltraSnap™ ATP Surface Test was the method of choice for this study, selected to 
evaluate the surface hygiene of the HHC dispensary It should be noted that the HygienaTM 
bioluminescence method measures organic matter and uses its capacity to release ATP. This 
capacity is characteristic of bacteria, fungi and other microbes as well as debris, including that 
on previously disinfected surfaces (Syguła-Cholewińska et al., 2014; HygienaTM, 2020). As 
explained in the previous chapter, the level of Relative Light Units (RLU) is directly proportional 
to the ATP levels which are in turn directly proportional to the level of cleanliness of a surface 
or equipment swabbed, as seen on Figure 4.1. This helps us understand that all ATP devices 
are different in sensitivity of RLU, hence there is no consensus for ATP because they all differ 
per manufacturer. For the purpose of this study, HygienaTM guidelines were followed to 
establish the individualised RLU limits for the HHC dispensary. Further details are discussed 
below. 
 
Figure 4.1 The relationship between ATP and RLU levels (HygienaTM, 2018). 
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4.2.1 Customising and developing an ATP monitoring system for the dispensary  
Literature has established that there are currently no RLU benchmark values for ATP testing 
results. Previous research that studied the surface hygiene of different surfaces and equipment 
at hospitals and other health care facilities has proposed three benchmark categories and 
values (shown in Table 4.3), namely: clean, caution and dirty with regards to RLU found on the 
equipment and working surfaces at the HHC dispensary. 
 
4.2.2 Determining custom RLU thresholds/ limits 
As a part of the ATP HygienaTM verification program it is essential to set RLU limits for the 
current hygiene conditions of that individual facility based on real life conditions of what is the 
cut-off scores for acceptable or unacceptable RLU scores (called thresholds or limits) for that 
facility as well as the thresholds or limits observed. According to HygienaTM (2020) setting limits 
or thresholds is essential for the running of a successful ATP monitoring programme because 
RLU values differ according to the type of surface, contact and manufacturing or compounding 
equipment. RLU limits enable users to categorise RLU test results as Pass, Caution or 
Fail. RLU limits will vary depending on the surface or equipment sampled however the formulas 
used to determine a ‘Pass’, ‘Caution’ and ‘Fail’ are always the same. This section gives the 
RLU limits that were calculated from the working surfaces shown in Table 4.1 and plastic 
container drawers shown in Table 4.2, in the dispensary according to HygienaTM’s guidelines 
(Appendix I) with Figure 4.2 and 4.3 showing the ten readings measured in a box and whisker 
plot. 
The mean value is used in the formula to calculate each RLU limit as shown in Table 4.1 and 
4.2 .The final RLU limit formulas and raw data set can be found in Appendix I and the resulting 




Figure 4.2 A box and whisker plot showing the raw data set of 10 RLU values gathered 
during RLU Limit calculations for the plastic organisers. 
The mean for plastic organisers was 6, this value is important as it is used in calculating the 
individualised pass, caution and fail values as per the HygienaTM guidelines.  The pass value= 
6 RLU, the caution range was (7- 17 RLUs) and the fail value= >18 respectively. This 
information is summarised and seen on Table 4.1. It can be observed in Figure 4.2 that the 
minimum value was 1 and the maximum value of the data was 8. The interquartile range (IQR) 
is= 2 and the box plot has equal proportions around the median (which in case the value is =8), 
and it can thus be observed that the distribution of the data is symmetric. The outlier for the 
data was 20 RLU, which was the highest RLU value observed after disinfection was performed 




Figure 4.3 A box and whisker plot showing the raw data set of 10 RLU values gathered 
during RLU Limit calculations experiment for the working surfaces. 
The mean for the working surfaces was 12, this value is important as it is used in calculating 
the individualised pass, caution and fail values as per the HygienaTM guidelines.  The pass 
value= 12 RLU, the caution range was (13 - 35 RLUs) and the fail value= >36 respectively. 
This information is summarised and seen on Table 4.2. It can be observed in Figure 4.3 that 
there is no minimum value and the maximum value of the data set = 21. The IQR is = 7 and 
the box plot is positively skewed, as the mean is greater than the median which is = 8.The 
outlier for the data was 38 RLU, which was the highest RLU value observed after disinfection 









Table 4.1 RLU limit formulas to calculate pass, caution and fail test for the plastic organisers. 
RLU Limit Formula Calculation ATP (RLU) 
Pass 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  
𝑆𝑆𝑆𝑆𝑆𝑆
𝐶𝐶𝐶𝐶𝑆𝑆𝐶𝐶𝐶𝐶
 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  
59
10
        0 - 6 
Caution 
𝐶𝐶𝑃𝑃𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = The range 
between the pass and fail 
values is the caution range 
𝐶𝐶𝑃𝑃𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
     (>6;<18)     (7 – 17) 
Fail 𝐹𝐹𝑃𝑃𝐶𝐶𝐹𝐹 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 3 𝐹𝐹𝑃𝑃𝐶𝐶𝐹𝐹 = 6 × 3          >18 
 
Table 4.2 RLU limit formulas to calculate a pass, caution and fail test for the working surfaces. 
RLU Limit Formula Calculation ATP (RLU) 
Pass 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  
𝑆𝑆𝑆𝑆𝑆𝑆
𝐶𝐶𝐶𝐶𝑆𝑆𝐶𝐶𝐶𝐶
 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  
118
10
    0 - 12 
Caution 
𝐶𝐶𝑃𝑃𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = The range 
between the pass and fail 
values is the caution range 
𝐶𝐶𝑃𝑃𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 
(> 12; < 35) 
  (13 – 35) 
Fail 𝐹𝐹𝑃𝑃𝐶𝐶𝐹𝐹 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 3 𝐹𝐹𝑃𝑃𝐶𝐶𝐹𝐹 = 12 × 3         > 36 
4.2.2.1 Introduction of the disinfectant  
As part of the process of customising the RLU thresholds for the dispensary, HygienaTM’s 
guidelines suggest that the surface to be sampled is to be cleaned and disinfected before the 
samples are taken. For this study the choice of disinfectant was DistelTM as shown in Figure 
4.4. The working surfaces and plastic organisers were chosen for the custom sampling 
because of the frequency of their use. It was hypothesised that there would be a significant 















                             Figure 4. 4 DistelTM High-level Laboratory Disinfectant 
The results from the sampling before and after disinfection for the working surfaces and the 
plastic organisers demonstrated that there was a significant difference as p= 0.01 for working 
surfaces and p= 0.04 for the plastic organisers after disinfection. The data is represented in 
Figure 4.5 and Figure 4.7. The clustered graphs compare data before and after disinfection 
for both the working surfaces and plastic organisers, as seen in Figure 4.6 and Figure 4. 8 
respectively.  
  





The median decreased from 110 RLU to 5 RLU, and the data moved from being positively 
skewed (this means that the data contained a higher occurrence of high valued scores) to being 
negatively skewed as it now contained a higher occurrence of lower valued scores. The 
interquartile range (IQR) also decreased from 111 RLU before disinfection to 3 RLU after 
disinfection. This is particularly important because as shown in Figure 4.1 the higher the RLU 
levels the higher the microbial contamination.  
 
Figure 4.6 A cluster bar chart showing a summary of the direct comparison before and after 
disinfection for the plastic organisers 


























Figure 4.7 A comparison of the RLU levels on the working surfaces before and after 
disinfection. 
As shown in Figure 4.7 the median for the working surfaces decreased from RLU 294 to RLU 
12 and the data in the box plot was then negatively skewed from previously being positively 
skewed before the disinfectant was applied.  
 
Figure 4.8 A cluster bar chart showing a summary of the direct comparison before and after 
disinfection for the working surfaces. 
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There are no known benchmark values for the RLU levels that can be used to determine the 
effectiveness of the disinfection procedure and hygiene control for the surfaces and other 
equipment for homeopathic dispensaries. As compiled by the researchers from previous ATP 
related studies (Little, 2017; Salas and Medico, 2018; Aghaee et al., 2020) proposed three 
benchmark categories for ‘Levels of Hygiene’ namely: Clean, Caution and Dirty was therefore 
utilised. Table 4.3 summarises the proposed levels of hygiene paired with the RLU levels found 
after disinfection for the working surfaces and plastic organisers. 
 
Table 4.3 Proposed categories and HygienaTM recommended terms for the Levels of hygiene 
when monitoring surface microbial contamination using UltraSnap™ ATP Surface Test 
Proposed description  Level of 
hygiene in 
RLU 
HygienaTM recommended terms  
Clean: 
Surfaces are clean and have little to 
no risk of contamination from 
disease- causing bacteria (visual 
inspection must be employed first in 
this range) 
 
     0 - 12 
 
Pass: 
Surfaces were properly cleaned and are 
safe for production. 
 Caution:  
Surfaces should be cleaned and 
have some risk of contamination 
from disease-causing bacteria 
(typical hygiene practices must be 
performed in this range) 
 
     13 - 35 
Caution: 
Surfaces need to be re-cleaned and re-
tested or monitored for future problems. 
Dirty:  
Surface needs cleaning and have 
medium to high risk of contamination 
from disease-causing bacteria (more 
rigorous cleaning and disinfecting 
practices need to be followed for this 
range) 
 
       > 36 
Fail: 
Surfaces should be re-cleaned and re-






Figure 4.9 A comparison of the working surfaces before and after disinfection using the 
levels of hygiene. 
Implementing the Levels of Hygiene described in Table 4.3 for the working surfaces in Figure 
4.9. Before disinfection there were no samples that qualified to be in the ‘clean’ and ‘caution’ 
categories; all of the samples qualified within the dirty category resulting in a 100% ‘dirty’ based 
on the levels of hygiene. An improvement in the levels of hygiene was observed after 
disinfection; with a 70% ‘clean’ level seen from 7 out of the 10 samples, 20% in the ‘caution’ 
category and (2 samples) and lastly 10% (1 sample) on the ‘dirty’ category.  
In Figure 4.10 it can be observed that there was a decrease in the RLU levels after disinfection 
of the plastic organisers, which initially had a 100% ‘dirty’ level before disinfection. After 
disinfection, an 80% ‘clean’ level was observed from 8 out of the 10 samples and one each for 
the ‘caution’ and ‘dirty’ levels respectively.  
 
Figure 4.10 A comparison of the plastic organisers before and after disinfection using the 
levels of hygiene 
100%
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4.3 The microbial load found on the equipment and surfaces at the HHC dispensary 
 
A total number of (n=124) samples were collected from across the surfaces in the dispensary. 
The working surfaces (n= 3) and plastic organisers (n= 24) were chosen to be experimental for 
the custom sampling because of the frequency of their use to aid in finding the custom RLU 
values for the HHC dispensary as described above. During the analysis of the samples it was 
noted by the researcher that there was a trend in the high (frequently) touch and low touch 
surfaces. The data representing the trends is discussed below:  
 
4.3.1 High touch surfaces  
4.3.1.1 Working surfaces 
The working surfaces (n= 3) were sampled first as they are frequently used in the dispensary 
to compound and dispense medicines. Figure 4.11 shows a horizontal bar chart with the RLU 
levels sampled from the working surfaces. It can be seen from the chart that the highest RLU 
level for the working surfaces was 590 RLU, making this the highest value found when 
conducting this research. The subsequent values from the other two surfaces were 588 RLU 
and 349 RLU respectively. The working surfaces were this defined as being ‘dirty’ according 
the levels of hygiene as per Table 4.3.  
 
Figure 4.11 A summary of the RLU levels from the working surfaces. 

















4.3.1.2 Plastic organisers  
The plastic organisers containing the personal protective equipment (PPE) used on a daily 
basis in the dispensary was sampled next (n= 10 samples). The highest RLUs were observed 
on the drawers that contained the PPE (gloves, face masks and mob caps), the values of the 
three were grouped together as these drawers are often touched together concurrently. The 
total RLU levels of the PPE drawers was 754 RLUs. The next surface that scored the highest 
was the one that contained syringes and needles which valued to 568 RLUs, then it was the 
drawer that contained lancets with was 131 RLUs. The lowest scoring drawer was the one 
containing cotton balls and alcohol swabs because each consulting room has these, so the 
students barely use that drawer in the dispensary, the RLU level for his drawer was 31 RLUs. 
This data is summarised on Figure 4.12. In accordance with the levels of hygiene from Table 
4.3 it is concluded also that the plastic organisers are dirty.  
 
Figure 4.12 A summary of the RLU levels observed on the plastic organisers. 
4.3.1.3 Shelves  
After the sampling of the working surfaces, the shelves were sampled next by the researcher. 
Eighteen shelves (n= 18) were sampled as seen in Figure 4.13. The shelves form part of the 
high touch surfaces as they contain remedy bottles, pillules, tinctures etc. that are touched and 
used frequently in the compounding of the remedies in the HHC dispensary. It was found after 
sampling that the highest RLUs levels was +400 RLUs and +300 RLUs were found in one 
sample each, +200 RLUs were found in 6 sampled shelves, +100 RLUs were found in 5 of the 
sampled shelves and lastly 5 of the sampled shelves were below 100 RLUs. This concludes 




















Figure 4.13 The levels of RLUs found on the shelves at the HHC dispensary.  
4.3.1.4 Miscellaneous high touch surfaces 
After the sampling of the shelves, miscellaneous high touch surfaces from different parts of the 
HHC dispensary were sampled because there is always constant cross contamination by 
touching of different equipment and surfaces while making remedies, injections, and making of 
creams etc. It was observed after sampling that none of the surfaces were under 100 RLUs. 
The summary of the results is shown in Figure 4.14. The access window summed up to 147 
RLUs, the sinks summed up to 140 RLUs, the air conditioner was 251 RLUs, the tap was 273 
and lastly the medical waste bin and well as the normal bin summed up to 473 RLUs 
respectively. It can be concluded that in accordance with the levels of hygiene in Table 4.3 the 
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Figure 4.14 A summary of the RLUs for miscellaneous high- touch surfaces in the HHC 
dispensary 
4.3.2 Low- touch surfaces  
4.3.2.1 Compounding equipment  
As part of the normal cleaning protocol of the dispensary, lower levels of ATP were found on 
the surfaces and equipment that were low touch and on those that were previously cleaned 
and disinfected with 90% alcohol.. Figure 4.4 shows the summary of the compounding 
equipment that exhibited lower levels of ATP. Amongst this equipment, beakers, measuring 
cylinders and funnels used in the mixing of pillules and measuring of tinctures were sampled. 
A total of n= 24 samples were taken. Of the 24 samples, 18 samples scored between 0 - 10 
RLUs. Four samples scored between 11 - 20 RLUs and lastly 2 samples scored between 21 - 
25 RLUs. Figure 4.15 shows a summary of the data as described. According to the levels of 
hygiene, it can be concluded that the equipment involved in the making of the remedies is 
‘clean’.  










Figure 4.15 A summary of the RLU levels observed on the compounding equipment. 
4.3.2.2 Cabinet, drawers and door handles  
The cabinet and drawer handles where stock remedies, medicating potencies and equipment 
are stored also exhibited lower levels of RLUs after sampling. A total of 30 samples were taken, 
of the 30 samples 8 ranged between 0 – 10 RLUs, 15 samples ranged between 11 – 20 RLUs, 
six samples were within the range of 21 – 30 RLUs and lastly only one sample got 50 RLUs. 































Figure 4.16 A scatter plot presenting the RLU levels found on the handles in the HHC 
dispensary. 
4.2.3.3. Stock bottles and bottle caps 
The stock bottles contain consumables used daily in the HHC dispensary. They contain 
medicating alcohol, distilled water, pillules and granules. Figure 4.17 shows the comparison 
between the bottles and the bottle caps. The median is higher for the stock bottle= 59 when 
compared to the median for the bottle caps = 54. The IQR for the stock bottles= 42 compared 























Figure 4.17 A comparison between the RLU levels in stock bottles and caps. 
4.4 The microbial hotspots found at the HHC dispensary  
As per the second objective of the study, microbial hotspots were found in some areas of high-
touch in the dispensary. The summary Figure 4.18 shows a pareto chart that demonstrates all 




Figure 4.18  A summary of the potential microbial hotspots in the HHC dispensary. 
From Figure 4.18 above we can see which bars contribute to the overall hotspots. The shelves 
(total of 3398 RLU) are the first followed by the working surfaces (total of 1527 RLU) as well 
as the plastic organisers (total of 1293 RLU) and lastly are the contributions from miscellaneous 
surfaces (total of 1284 RLU). With the aid of a pie chart on Figure 4.19 and the cumulative line 
on Figure 4.18, it can be concluded that the shelves contribute 45%, the working surfaces 
contribute 21% and that the plastic organisers and the rest of the miscellaneous (Tap, sinks, 





Figure 4.19 A summary of the contributions from high- touch surfaces to the microbial 
hotspots. 
4.5 Statistical data analysis  
The data gathered from the surfaces was grouped into variable categories that represented 
the working surfaces, handles (door, drawer and cabinet), stock bottles, compounding 
equipment, windows, sinks, plastic organizer drawers and a miscellaneous category that 
included the air conditioner and the bins as shown in Figure 4.20. The Kruskal Wallis test (or 
one-way ANOVA of ranks test) was run to determine statistically significant relationship 
between the variables. This was followed by testing the groups (or variables) with the pairwise 
Mann-Whitney test to determine specific significant relationships between the groups. 
Statistically significant results (p= < 0.005) were found for the groups as indicated as seen in 









Working surfaces (1), handles (2), stock bottles (3), compounding equipment (4), windows (5), sinks (6), 
Miscellaneous (7) and plastic organisers (8) 
Figure 4.20 RLU values obtained for the different samples grouped into the specific 
categories 
Table 4.4 Comparison of sample categories that resulted in statistically significant 
relationships. 
Group / category Compared to p-score Statistically 
Significant 
Working Surfaces Handles 0.000 Yes 








 Plastic organisers 0.001 Yes 
Compounding 
equipment 
Plastic organisers 0.000 Yes 
 







5.1 Introduction  
 
Several studies have reiterated the need to keep cleanrooms in health-care facilities absolutely 
clean to decrease the chances of microbial contamination and transmission (Dolan et al., 2010; 
Mora et al., 2016; Borges et al., 2020). The current study was carried out to gain insight into 
the microbial load on the surfaces and equipment in the Homeopathy Health Centre (HHC), UJ 
Doornfontein campus as well as identify possible microbial hotspots by using the Hygiena 
UltraSnap™ ATP Surface Test. This chapter discusses the results of the study and possible 
explanations of the outcomes. 
5.2 The UltraSnap™ ATP Surface Test 
 
5.2.1 Customising RLU thresholds/ limits for the HHC dispensary  
The working surfaces and plastic organisers were chosen to aid in finding customised RLU 
limits for the HHC dispensary because of the frequency of use, how closely they are to each 
other and lastly because these areas are utilised in the compounding of the remedies. It has 
been extensively established, as documented in Chapter 2, that there is no consensus for RLU 
limits in the health-care sector. A systemic review done by Nante and colleagues (2017) on the 
ATP bioluminescence demonstrated that when evaluating hygiene each tool had unique 
threshold values which ranged from 45 RLU to 1000 RLU, and these values were unique for 
different facilities. The study also established that the threshold values differed from country to 
country depending on the type of ATP monitoring system used. To the best knowledge of the 
researcher no study has been performed to establish RLU thresholds for homeopathic 
dispensaries.  
A study done to assess the cleanliness on high-touch surfaces in a medical clinic using 3M™ 
Clean-Trace ATP System using the manufacturer's recommendation and following the 
literature on Clean-Trace ATP system established that surfaces were considered clean when 
the ATP threshold was <5 RLU/cm2, when collected from a 100 cm2 surface, that is <500 RLU 
per surface (Frota et al., 2017). Hygiena UltraSnap™ ATP testing was used in a study to 
evaluate the cleanliness of critical high touch surfaces in a hospital (Oza et al., 2020). In this 
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study, the surfaces were swabbed according to the swab manufacturer’s instructions. The 
results of the samples were considered clean (low risk) if ATP produced values of less than 30 
RLU and were considered to be dirty (contaminated) if the values exceeded 30 RLU (Oza et 
al., 2020). Another study that evaluated ATP bioluminescence in a hospital pharmacy 
cleanroom, found that ATP testing was a superior method of detecting dirty surfaces after 
cleaning and disinfection was performed, having a  p-value of 0.001 using a 2-tailed test with 
an RLU median= 279 and mean= 55 (Tršan et al., 2020). To the knowledge of the researcher 
this was the first report that utilised the ATP bioluminescence system for monitoring surface 
hygiene in a hospital pharmacy cleanroom. While the studies mentioned show that RLU values 
differs with surfaces, the manufacturer of that specific ATP test and the sensitivity of the 
luminometers respectively, it can be agreed that the amount of RLU measured is proportional 
to the amount of ATP generated, which in turn is proportional to the density of the organic 
material (Mulvey et al., 2011; Gordon et al., 2014). All RLU thresholds should be determined 
by individualized facilities. The RLU thresholds found in this study can be used as a guideline, 
as well as in comparisons, for future ATP monitoring studies for homeopathic dispensaries. 
In this study, RLU limits were calculated specifically for the HHC dispensary using HygienaTM’s 
guidelines which can be found in Appendix I. When applying these RLU limits for the plastic 
organisers and working surfaces in the dispensary, it was found that before disinfection both 
these surfaces resulted in a 100% fail/ dirty rate. After disinfection a significant improvement in 
cleanliness of p= 0.01 for the plastic organisers and a p= 0.04 for the working surfaces were 
observed. Using the levels of hygiene (as illustrated in Chapter 4), it was established that a 
70% clean, 20% caution and 10% dirty level was found for the working surfaces after 
disinfection. An 80% clean, 10% caution and 10% dirty level was found for the plastic 
organisers after disinfection. The clean rate after disinfection showed that the disinfectant 
DistelTM is effective in cleaning the surfaces of the HHC dispensary. The 100% fail or dirty rate 
before disinfection shows that the disinfection practices previously employed by the HHC 
dispensary were not effective in the reduction microbial contamination in the surfaces of the 
dispensary. Ultimately, all health-care facilities especially pharmacy and dispensing 
cleanrooms should strive to attain the highest level of a pass/ clean rate with regards to surface 
hygiene cleanliness. Incorporating ATP testing as means to continuously assess and monitor 




5.2.2 Factors influencing ATP values  
Adenosine Triphosphate, or ATP, is the energy molecule found in all living things, rendering it 
an ideal indicator when attempting to ascertain if a surface is clean or not (HygienaTM, 2018). 
Various studies have credited microbial adhesion and survival on physical surfaces to the 
cellular physiology of microorganisms (Yaginuma et al., 2014; Tamburini et al., 2015). This 
raises the question as to whether variations in certain ATP content between microbial agents 
from different taxa of bacteria, fungi and other organisms exist (Shama and Malik, 2013). The 
shape of the cell,  how rigid cell membrane is , the ability of cells to form chains or 
conglomerates and to include all the structures of the cell membrane that permit mobility and 
anchorage to the surface may affect the microbial response to topographical features 
(Crawford et al., 2012; Bagherifard et al., 2015). Specifically, the hyphae, flagella, pili, and other 
fimbriae that may boost the potential of microorganisms to create and sustain contact with the 
surface (Tamburini et al., 2015; Kumar et al., 2017). The RLU values for yeast and fungal 
spores were found to be overall higher than those for bacteria during 
sporulation (Venkateswaran et al., 2003). There are variations in the ATP levels in microbial 
cells compared to the amounts detected in mammalian cells (Ivanova et al., 2003).  This shows 
that ATP readings can be affected by differences between taxa and the cellular content of 
different organisms, because ATP bioluminescence reads overall organic matter, the  
differences within this study  cannot know unless the surfaces are cultured in future studies, 
using for example RODAC. 
The ATP values of high-touch surfaces are found to be significantly distinct depending on the 
kind of surface being sampled (Boyce et al., 2009), as seen in this study.  The accumulation of 
ATP additionally depends on the physical properties of that particular material surface like 
electronic charges or roughness (Nel et al., 2009; Shimoda et al., 2015). A high surface 
roughness protects against shear forces and increases convection transport, therefore 
facilitating microbial adhesion (Shen et al., 2015; Tamburini et al., 2015). A study done by 
Shimoda et al., (2015) established that stainless steel surfaces or material demonstrated the 
lowest RLU values, determining the surface as low-touch place both melamine coated surface 
(material used in working surfaces and counter tops) and wood surface were relatively higher 
ATP values than the others. Materials consisting of polyvinyl chloride (PVC) (material 
commonly used in plastic) as well as melamine are chemical polymers (commonly used in 
tables, bed frames, dishes, and floors) contain physical factors such as roughness with 
changes depending on wears, which provides microbial pathogens with places to hide (Hilbert 
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et al., 2003; Shimoda et al., 2015). The reason why ATP values significantly differ in a material 
property-dependent manner is not known (Shimoda et al., 2015). Although the data 
surrounding this is very limited, the observation provides us with a caution that when evaluating 
the hygiene of surfaces containing chemical polymers with a particular degree of roughness, 
extra vigilance must be exercised (Christensen et al., 2000; Shimoda et al., 2015). 
While there are many factors affecting ATP values, for the purposes of this study the above 
two were discussed because it is important to understand that a high RLU level found on a 
sampled surface accounts for organic material including living cells (Sanna et al., 2018). Thus 
it is important to note that RLU levels can be accounted for due to various reasons; for example 
high RLU levels may be due to microbial cells undergoing replication (de Master and Rose, 
2014)  and low RLU could mean that the present cells are either dormant or non- replicating 
which means their survival and resistance is more stronger (Koul et al., 2008). This can be 
explained by the fact that a single bacterial cell of a specific strain does not always generate 
or release the same quantity of ATP molecules at a given time (Li and Xie, 2011). This shows 
us that there are many reasons why ATP levels can be high or low. There are many other 
factors that influence ATP readings but the one that stands out the most is the frequency of 
touch of particular surfaces and non-compliance with cleaning and disinfection protocols of that 
particular facility (Doll et al., 2018; Furlan et al., 2019). These aspects need to be considered 
very carefully when using ATP as a monitoring system for surfaces, which also restates the 
need to use ATP in conjunction with traditional microbiological methods.  
 
5.2.3 The effect of the disinfectant: DistelTM High-Level Laboratory Disinfectant  
Studies have shown that each chemical agent in a disinfectant has a distinctive effect in either 
reducing or increasing the ATP readings (Omidbakhsh et al., 2014). However, to the knowledge 
of the researcher there is currently no scientific literature that specifically studied the true cause 
of why chemical agents have a quenching/enhancing phenomenon on ATP readings. DistelTM 
has proven to be a suitable disinfectant for the HHC dispensary and has been effective in 
lowering the RLU values from a 100% fail to 70% and 80% clean/ pass rate for the plastic 
organisers and working surfaces respectively as seen on Figure 4.8 and Figure 4.9. To better 
understand the effectiveness of DistelTM we must gain better insight about it. DistelTM High-
Level Laboratory Disinfectant is currently the disinfectant in use at the DFC Chiropractic 
Training clinic to disinfect the Chiropractic Treatment Tables. Table 5.2 shows the studies done 
at the chiropractic clinic at UJ DFC that have utilised DistelTM as a disinfectant. It is an EPA 
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approved disinfectant and approved under the Biocidal Products Regulation (EU) No. 538/2012 
(Brennan and company, 2018; Kingham et al., 2019). 
DistelTM High-Level Laboratory Disinfectant contains the following chemical agents:  
 1. Polymeric biguanide hydrochloride (PHBM)  
2.  Didecyl dimethyl ammonium chloride (DDAC)  
3.  Alkyldimethyl benzyl ammonium chloride (ADBAC)  
4. Stabilizers, Chelating agents and demineralized water balance. 
 
Table 5.1 Summarises the studies that have proven the effectiveness and safety of the 
ingredients in DistelTM High-Level   Laboratory Disinfectant (adapted from Kingham et al., 
2019). 
Chemical agent name/ 
ingredient  
Description and biocidal 
action 
Reference for research 




PHBM is a chemical biocide 
with antiseptic, antiviral and 
antibacterial properties. 
(Kaehn, 2010; Lucas, 
2012; Worsley et al., 2019) 
Didecyl dimethyl ammonium 
chloride (DDAC) 
DDAC and ADBAC are both 
Quaternary ammonium 
compounds – they both 
cause autolysis and have 
bactericidal activity, 
contributing to cell death. 
(Gomi et al., 2012; Buffet-
Bataillon et al., 2016; Luz 
et al., 2020)   Alkyldimethyl benzyl 
Ammonium-chloride 
(ADBAC) 
Furthermore, the chemistry of cleaning and disinfecting residues can have a very high impact 






Table 5.2 Research studies done at the UJ DFC Chiropractic clinic using DistelTM High-Level 
Laboratory Disinfectant. 
Studies  References  
Survival of Bacterial Pathogens on Vinyl Chiropractic 
Treatment Beds  
(Kruger et al., 2017) 
The Impact of a Hygiene Education Intervention on The 
Bacterial Population Size on Chiropractic Treatment Beds 
(Bowes et al., 2018) 
Monitoring Treatment Table Hygiene in a Chiropractic 
Training Clinic 
(Kingham et al., 2019) 
 
5.3 The microbial load found on the surfaces and equipment at the HHC dispensary 
To better understand the results, it is important to first establish what microbial load/ bioburden 
means. By definition, it is the number and type of microbial content contaminating or colonizing 
an object or surface at a given point in time (Sandle, 2015).  
 
5.3.1 High-touch surfaces  
High touch surfaces are surfaces which are frequently touched by numerous individuals 
throughout the day (CDC, 2019). They include but are not limited to: tables, doorknobs, light 
switches, countertops, handles, desks, phones, keyboards, toilets, faucets, sinks, etc. It should 
be noted that facilities are different so what is labeled “high-touch” for each facility needs to be 
individualised. Studies have shown that there are several types of pathogens which can survive 
on high touch surfaces in health-care- and other facilities (Weber et al., 2010; Sattar and 
Maillard, 2013; Donskey, 2019).  Thus, leading to these surfaces acting as a vehicle in the 
transmission of a whole variety of HCAI causing pathogens (Cristina et al., 2013; Gallandat, 
2019). Hence it is highly recommended that these surfaces are cleaned and disinfected more 
frequently than low-touch surfaces in order to aid in hygiene and infection control.  
The working surfaces at the HHC dispensary were amongst the high-touch surfaces found in 
the samples. This is particularly a worry because these surfaces are actively involved in the 
compounding and dispensing of the remedies given to the patients. The pandemic further 
restates the need to keep surfaces absolutely clean, as seen on a variety of studies done that 
COVID-19 can readily survive on surfaces for a long period of time (Fiorillo et al., 2020). The 
transmission of nosocomial pathogens from hands to the containers of medications given to 
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the patients has been studied vastly (Ratajczak et al., 2015), amongst these pathogens 
antibiotic resistant VRE were found (Wong et al., 2016). The working surfaces at the HHC 
dispensary are covered by melamine and formica laminate. Surfaces covered with these have 
been shown to have physical properties that make it easy for microorganisms to attach and 
survive readily (Torres-Dominguez et al., 2019; Munir et al., 2020). A study done to assess the 
attachment of MRSA on different surfaces at a healthcare facility found that surfaces covered 
with melamine and formica laminate easily allowed the attachment of MRSA in a period of 24 
hours (Massicotte et al., 2013).  
The plastic organisers containing personal protective equipment (PPE) for the students working 
in the dispensary also had one of the highest levels of RLUs found during this study. The plastic 
organisers are made out of PVC plastic which has been shown to harbor a host of pathogens 
(Bauer et al., 2002; Jacques et al., 2011). A study done on different plastic containers that 
contained PVC demonstrated that Listeria monocytogenes and Pseudomonas aeruginosa are 
easily found on dirty plastic containers (Trachoo, 2007). An experimental study done on 
commonly handled plastic containers for milk in Kenya, found a significant decrease in bacterial 
load before and after cleaning and disinfection of these containers (Wafula et al., 2016). This 
further builds on the need to follow proper cleaning and disinfection protocols whether it’s in 
the health-care sector or other facilities. PPE has become a highly essential and sensitive 
subject during the current COVID-19 epidemic. Ensuring that these are stored appropriately 
and not aiding in any way to the spread of this virus is absolutely an essential need especially 
in health-care facilities like the HHC and its dispensary as it deals with medication that is mostly 
ingested by the patients.  
The shelves were the highest scoring of the sampled surfaces. There are about 18 shelves in 
the HHC dispensary, which are used for the storage of tinctures, stock bottles and other daily 
consumables used in the dispensary due to ease of accessibility. These shelves are open and 
near the windows and these factors make them an easy target for airborne and dust borne 
microorganisms to attach. Because of their close proximity to the windows, the shelves are 
more susceptible to transmission of pathogenic bioaerosols which have been termed a 
significant concern for both human and animal health (Pearson et al., 2015). Among these 
microorganisms, Staphylococcus spp, Micrococcus spp and filamentous fungi have been found 
in surfaces that are closer to windows and those that can be easily soiled by dust (Hoseinzadeh 
et al., 2013; Kramer and Assadian, 2014). The shelves are made of wood which have been 
labelled as having favourable conditions for the growth of fungi and other microorganisms 
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(Boddy, 2016). A study done in Romania looking at the microbial load on the wooden surfaces 
at a church found that fungal contamination had exceeded the contamination level C which 
provides 50 CFU/4 hours according to the European Union Guide to GMP, among these fungal 
genus: Aspergillus, Penicillium, Stachybotrys, Scopulariopsis, Arthrinium Mucor, Rhizopus, 
Absidia and Geotrichum (IIies et al., 2018). 
The last areas of the high-touch surfaces found in the HHC dispensary were the taps, sinks, 
air conditioner, bins and access window. The tap and sinks in the HHC dispensary form an 
important part of the cleaning and disinfection procedure because they provide the water 
utilised when cleaning the surfaces and the compounding equipment used in making the 
remedies as well as the sink which is used to discard waste. When these become contaminated 
with microorganisms it can form a chain of an outbreak originating from the taps (Torrice, 2016), 
to the hands of the student dispenser and to the medication to be dispensed to the patients. A 
study done at a hospital to evaluate the microbial load on the taps and sinks found 
Carbapenemase-producing Enterobacteriaceae which eventually got transmitted to the main 
pipes and into the water and led to a fatal outbreak in the hospital (De Geyter et al., 2017). 
Plastic bins were identified as high- touch fomites and the main source of COVID-19 and MRSA 
at an airport as these were touched regularly by the passengers and their belongings which 
could further be spread by touch in the planes (Cadnum et al., 2020). A study that investigated 
25 air conditioner’s cooling coils, found a significant concentration of bacterial and fungal loads 
(p= 0.001) which raised the question of the air conditioners releasing pathogenic bioaerosols 
(Bakker et al., 2018). This is particularly a concern for the HHC dispensary because the air 
conditioner is always on to maintain a favourable condition for the storage and compounding 
of remedies. Other than the access windows being a source of infection due to being touched 
frequently, we have also established that opening the windows can potentially introduce 
harmful bioaerosols in the dispensary.  
In summary, all high touch surfaces whether in health- care or not must be adequately and 
frequently cleaned and disinfected to avoid infections. Due to the repeated cyclical touch of 
these surfaces, a chain or routes of transmission of infection may occur allowing for further 
microbial contamination of other surfaces or equipment.  
 
5.3.2 Low- touch surfaces  
These are surfaces that are minimally touched and therefore are less likely to be a source of 
transmission of HCAI or infections in general (Huslage et al., 2010).  
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The compounding equipment, which is actively involved in the making of remedies, creams 
and pillules includes: beakers, measuring cylinders and funnels. The low levels of RLUs are 
owed to the fact that the equipment is flamed with 90- 96% alcohol every day after cleaning as 
part of a disinfection procedure as well as to get rid of the remedy residues on the beakers and 
cylinders. Because these are stored in a closed cabinet, they are thus exposed to a lesser level 
of microbial contamination and dust, which means that the current cleaning and disinfection 
routines used when cleaning the equipment is effective. In the food industry dipping a 
contaminated blade 70% or 95% ethanol before cutting fruits like watermelons significantly (p= 
0.01) reduced incidence of Stagonosporopsis citrulli compared to when it was dipped in water 
(Keinath and DuBose, 2017). A study that was investigating the potential for microbial 
contamination between glass and plastic found that plastic was significantly higher (p= 0.01) in 
frequency of microbial load than glass bottles (Ogonowski et al., 2018). This also helps us to 
understand why lower levels of RLU were found in the compounding equipment as they are all 
made of glass. The cabinet, drawers and door handles all had lower RLU values with the 
exception of the door handles because there is only one door that is used to access the 
dispensary so this was in fact higher than the rest due to the frequency of its use. While door 
handles are normally grouped under high-touch surfaces, because they are made of stainless 
steel which has shown to have lower levels of microbial contamination when compared to 
copper (Chai et al., 2011). As previously established glass tends to have a lower microbial load 
count than plastic which explains why the stock bottles had a lower median that the caps since 
they were made from PVC plastic. From the boxplot in Figure 4.17 it can be observed that the 
stock bottle caps graph has an outlier, this outlier is owed to the fact that the bottle it was 
sampled from contained only distilled water while. Another factor that played a role in the 
median of the stock bottles being lower was the frequency of touch and the fact that some of 
them contained 20-30% alcohol as well as 96% alcohol, as we have previously established 
that alcohol has biocidal properties (its action is germicidal, bactericidal, fungicidal) 
(Lachapelle, 2020).  
 
5.4 The microbial hotspots found at the HHC dispensary 
In order to win the battle against HCAIs we must establish how to halt the spread of these 
harmful pathogens by understanding how they are transmitted and the fomite route used but 
most important establishing which surfaces and equipment act as hotspots or reservoirs for 
these pathogens. By definition microbial hotspots are places where a number of 
microorganisms occupy that surface or liquid (Tuson and Weibel, 2013). Bioburden testing 
(testing for the number of microorganisms living on a surface) is a very important part of 
62 
 
pharmaceutical microbiology as it forms part of the quality control as prescribed per 
pharmacopeia on microbial limit tests (Sandle, 2015). As the dispensary at the HHC also 
follows a pharmacopeia, it will be beneficial for future studies to make sure that the dispensary 
also does the microbial limit tests to ensure that it is under the required limits as part of GMP.  
In the dispensary the microbial hotspots were identified in accordance with the high-touch 
surfaces. The shelves were identified as the highest, followed by the working surfaces and the 
plastic organisers and the miscellaneous (taps, sinks, air con and access window). The 
cumulative line of the graph seen on Figure 4.18 is somewhat straight demonstrating that after 
the shelves, the successive bars (working surfaces, plastic organisers and the miscellaneous) 
contribute evenly to the microbial hotspots. Identifying these hotspots is the most significant 
first step in establishing a proper cleaning and disinfection protocol for the HHC dispensary. 
The results from the statistical data analysis suggest that there may be cross contamination 
and transmission of microorganisms and germs between the different surfaces and equipment, 
this may be due to the recurrent cyclical contact of these surfaces .A new and revised cleaning 
and disinfection protocol for the dispensary will be discussed below.   
5.5. Proposed Integrative Guidelines for Surface Hygiene Control Procedures for the 
HHC Dispensary  
 
The following guidelines contain evidence-based recommendations and have been revised 
and modified from the study done by Kingham et al (2019) at the Chiropractic clinic at UJ DFC:  
a) Visual Assessment  
At the commencement of the shift, the dispenser must assess the dispensary to ensure that 
the surfaces are clean and remove anything that shouldn’t be on the working surfaces (like 
scripts and pens) as well as to determine what equipment or items need replaced – these items 
include alcohol, distilled water, vials, pillules, remedy bottles, hand towel and PPE. The 
dispenser should assess that the air conditioner is working properly and then proceed to 
cleaning and disinfecting the door handles before the student intern working at the dispensary 
that day can start the shift.  
b) Preparation  
When the student intern arrives, before entering the dispensary, the student should wear 
appropriate PPE (e.g. disposable lab coats or disposable apron on top of their normal lab coats) 
and sanitize their hands. Once in the dispensary, gather all the compounding equipment to 
clean and flame it. While waiting for the beakers to cool down, stock taking for the day should 
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be done. After this this step the student intern is required to wear latex gloves in order to protect 
themselves from the hazardous chemicals before cleaning and disinfection begins.  
c) Cleaning and Disinfection (C&D) 
The student intern should move the beakers to the side to make sure the surfaces are 
unoccupied. This should then be followed by cleaning the surfaces with hot water and detergent 
– this aids in the removal of any  soil, dust, and debris on the surfaces to decrease the amounts 
of microorganisms on surfaces as well as to increase the effectiveness of the disinfectant 
(Marriott et al., 2018; Frota et al., 2020). The cleaning process is then followed by disinfection, 
the student intern applies the disinfectant to working surfaces as well as other surfaces to be 
utilised. It is highly recommended to follow the instructions on the label of the EPA approved 
disinfectant (Rutala and Weber, 2019). 
The disinfectant should be left to settle on the surface for the amount of time recommended by 
the manufacturer (typically 5 to 10 minutes). The disinfectant should be spread evenly with a 
paper towel and left to air dry and never to be wiped off. It is also worth noting that some 
disinfectants are corrosive to materials and with over exposure, may be a health hazard 
(Romanovski et al., 2020). Therefore, the use of Isopropyl alcohol 90% should continue but it 
should be regularly followed with the recommended disinfectant (Junk et al., 2017; Song et al., 
2019). This allows for complete and effective reduction of microorganisms and maintenance of 
the surface cleanliness. 
d) ATP Monitoring and Recording  
After the cleaning and disinfection is complete, the student intern will proceed with swabbing 
of the surfaces as per the manufacturers guidelines on how to use the ATP device. RLU levels 
should be compared against those that were found in this study. This way we are monitoring 
both the efficacy of the cleaning and disinfection process and ensuring the surfaces are clean 
and ready for work to begin. ATP monitoring should be done at least daily but 3 times a week 
is also recommended (Santos-Junior et al., 2018). 
e) Routine Practices and Precautions  
Removal of gloves after steps a-d are done is important to ensure no contamination of the 
cleaned surfaces occurs. Hand hygiene should be performed routinely before entering, and 
after exiting the dispensary. The surfaces must be routinely cleaned and disinfected between 
preparation of remedies, when spillage occurs and when they are visibly soiled. The researcher 
recommends that the student interns only wears gloves when cleaning and disinfecting but no 
gloves during making of the remedies because vast literature has backed up the transmission 
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of microorganisms from gloves (Stephens et al., 2019; King et al., 2020; Repici et al., 2020). 
Rather proper hand hygiene be performed before and after every script. 
f) Patient Education  
It is of great importance that the patients are educated about proper personal and hand hygiene 
when handling medication as well as proper storage of medication. Hand hygiene must be 
emphasised now more than before as it also considered an essential practice for reducing the 
risk of transmission of infections including COVID-19 among patients and health care 
personnel (Bowdle and Munoz-Price, 2020).  
 
5.6 Concluding remarks  
Living in this current pandemic calls for strict hygiene adherence and always striving to keep 
ourselves as well as the environment around us clean. ATP bioluminescence has proven itself 
as a useful tool to assess the level of cleanliness immediately after cleaning so it can be easier 
to determine whether current hygiene practices employed by that particular facility are working 
or not. The ATP test results could be used as a trace of the level of contamination on surfaces. 
It has been demonstrated that the RLU levels have and can be strongly influenced by the 
frequency of touch as well as how the surfaces are orientated next to each other. In the HHC 
dispensary, the microbial hotspots show us that there is a need to improve the current cleaning 
and disinfection practices. DistelTM has been proven to be a safe, non-scented and effective 






                  
 
CONCLUSION AND RECOMMENDATIONS 
 
6.1 Summary of findings 
Monitoring surface hygiene for dispensary cleanrooms has proven as a basis for ensuring that 
there is strict adherence of hygiene protocols and guidelines while also keeping good 
microbiological control as per the Good Manufacturing Practice (GMP). Ensuring that the 
surfaces in the HHC dispensary are always clean and disinfected gives peace of mind in 
knowing that surface contamination is not adding to the prevalent problem in the health-care 
system. This however is not a task for just a single person; ensuring proper hygiene and 
attaining the highest level of hygiene in the HHC dispensary requires teamwork between the 
students and the dispenser. Knowing if microbiota is present on the surfaces of the dispensary 
is essential in understanding what the current hygiene status of the HHC dispensary is, in order 
to facilitate and implement changes to cleaning when necessary. 
 
This study aimed to investigate the typical microbial load on the surfaces of the dispensary 
where medicines are compounded and dispensed using the UltraSnap™ ATP Surface Test; 
and to determine if there were any microbial hotspots within the HHC dispensary.  
 
The results in this study demonstrated that the high RLU levels were found in high-touch 
surfaces with included the working surfaces, plastic organisers, taps, bins, sinks and windows. 
Lower RLU levels were observed in low- touch surfaces which included compounding 
equipment, cabinet and drawer handles and the stock bottles and caps. Additional statistical 
analysis was done using theKruskal Wallis test (or one-way ANOVA of ranks test) to determine 
statistically significant relationship between the variables or groups (working surfaces, handles, 
stock bottles, compounding equipment, windows, sinks, taps, bins and the plastic organisers). 
This was followed by testing the groups with the pairwise Mann-Whitney test to determine 
specific significant relationships between the groups. Statistically significant results (p= < 
0.005) were found for the groups. Since ATP testing measures the presence of organic matter, 
assumed to be the presence of microorganisms, from the data gathered in this study it can be 
concluded that the dispensary as a cleanroom is contaminated with microorganisms. Although 
ATP testing does not determine the actual microorganisms, it is imperative that all necessary 
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precautions are followed to ensure limited contamination of medicines for patients who visit the 
HHC. ATP testing affords the opportunity to be at least one step ahead by knowing whether a 
microbial load exists and thereby implement proper cleaning and disinfection in the HHC 
dispensary.  
 
It is clear from the findings of the study that the surfaces at the HHC dispensary are both dirty 
and can possibly harbor microorganisms. There is an essential need for proper hygiene 
protocols to be implemented within the HHC dispensary. Thus, an integrated approach of 
essential protocols and guidelines are required for the purpose of setting standards for hygiene 
control in the HHC dispensary at the University of Johannesburg DFC to avoid the possibility 
of contamination or transmission of HCAIs. For this reason, the researcher proposes guidelines 
and protocols for hygiene control which can be seen in Appendix J and discussed in Chapter 
5. 
 
6.2 Possible limitations of the study 
 
• Insufficient sample size because not all surfaces and equipment in the HHC were 
swabbed, so the researcher does not have a complete picture of what the microbial load 
in the HHC as a whole is.  
• Lack of previous studies that researched ATP bioluminescence use in homeopathic 
dispensaries for hygiene monitoring reiterating the need for further studies and 




Further monitoring of the dispensary in the future should provide feedback on the effectiveness 
of the proposed guidelines (Chapter 5 and Appendix J) that have been recommended for 
implementation on the surfaces of the dispensary and other parts of the HHC at UJ. 
 
6.3.1 Recommended future studies  
a) Evaluation of culturable microorganisms from the HHC dispensary microbial hotspots  
b) Evaluation of the microbial load on the toys in the HHC waiting room  
c) Attitudes and perceptions of hygiene practices in the HHC by the practitioners and 
students  
d) The role of cellphones as possible vectors in transmitting infections at the HHC  
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The results of the study emphasise the need for the HHC dispensary to focus on having an 
effective cleaning and disinfection protocol in order to prevent the contamination of the surfaces 
with microorganisms and possible transmission of these microorganisms to the remedies. The 
use of ATP bioluminescence monitoring system has proven to be an effective tool in monitoring 
the surface hygiene of the dispensary surfaces. Further studies are needed to determine 
influences of microbial contamination and possible transmission on surfaces at the HHC and 
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1.      PREAMBLE 
 
Effective waste management is pivotal to the well-being of industry, 
society and the environment. An integrated approach is required to 
minimize and manage waste and the associated risks in an 
environmentally acceptable and cost-effective manner. 
 
UJ management will adopt a holistic approach which will ensure that 
waste is dealt with in an environmentally responsible and health and 
safety manner from its generation at source through to its ultimate 
disposal 
 
2.      PURPOSE 
 
Ensure that all waste generated on the grounds of UJ is stored, 
transported and disposed of in such a manner that it does not create 
a risk to the health and safety of people and the environment. 
 
3.      OBJECTIVES 
 
3.1. Minimize and where possible prevent the generation of waste on all 
campuses 
 




3.3. Have procedures in place to ensure that all waste identified is being 
stored, transported and disposed of in such a manner that it will not 
pollute the environment or cause health hazards 
 
3.4.   Adopt a cradle to grave principle 
 
3.5. Actively getting involved in recycling of waste by making use of 
external service providers 
 
4.      SCOPE 
 
UJ Management 
All generators of waste 
Contractors 
 
5.      DEFINITIONS 
 
For the purpose of this policy, unless otherwise stated, the following 
definitions shall apply. 
 
TERM DEFINITION 




 superfluous by product, emission, residue, or 
remainder of any process or activity, any 
matter, gaseous, liquid or solid or any 
combination thereof, which: 
- is discarded by any person 
- is accumulated and stored by any person 
with the purpose of eventually discarding it 
with or without prior treatment connected with 
the discarding thereof 
- is stored by any person with the purpose of 
recycling, re using or extracting a usable 
product from such matter 
GENERATOR OF 
WASTE 
An individual, an industry or any other party 




It is the generator who is responsible for the 




An inorganic or organic element or compound 
that, because of its toxicological, physical, 
chemical or persistency properties, may 
exercise detrimental acute or chronic impact 
on human health and the environment 
WASTE 
PREVENTION 
The prevention and avoidance of the 
production of general waste, hazardous waste 
or hazardous substances 
WASTE 
MINIMISATION 
The economic reduction of the volume of 
waste during production, by means of different 
processes or clean technology. 
WASTE 
DISPOSAL 





6.      KEY WORDS 
 
6.1    Waste 
6.2    Generator 
6.3    General waste 
6.4    Hazardous waste 
6.5    Recycling 
6.6    Cradle to Grave 
6.7    Disposal 
6.8    Handling 
6.9    Storage 
6.10 T r a n s p o r t
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7.      PRINCIPLES 
 
Waste management is chiefly concerned that all waste generated on 
the premises of UJ is handled and disposed of in a manner that is 
acceptable to people and the environment 
It is the duty of all waste generators to adhere to the legal 
requirements and procedures in place in order to ensure that waste 
is stored, handled and disposed of in the correct manner 
The reduction of waste generation and the conservation of resources 
must be promoted through judicious resource utilization, recycling, re 
use and the disposal of waste 
 
8.      PROCEDURES 
 
Sequence Task Responsibility 
 
1 
 Identification      of 
waste 
Identify the types of waste 
being generated by UJ 
 
Generators of waste will 
report all new processes 
whereby waste is generated 
to the Occupational Safety 
department and the 
Occupational Health 
department 
Occupational    Safety 
department Occupational    
Health department 




Classification     of 
waste 
Develop a waste 
classification    system 
whereby waste can be 
classified in accordance   
with   the 
   
Occupational    Safety 
department 
Occupational    Health 
department 
Generators of waste 
3 
Standards       and 
operating 
procedures for the safe         
handling 
storage           and 
disposal of waste 
Formulate standards and 
operating procedures    for    
the 
safe handling, storage and 
disposal of waste 
generated on the sites 
of UJ. 
 
Provide generators and 
transporters with guidelines 
and graded minimum 
requirements so that waste, 
and  in particular Hazardous 
Waste can be effectively 
controlled from  generation  
until 
Occupational    Safety 
department Occupational    
Health 
department 
Generators of waste 





 safe disposal  
4 
Implement 
standards       and 
procedures for the safe 
handling, storage           
and 
disposal of waste 
All   generators o f  waste 
must be made aware of the 
standing 
operating procedures for 
the safe handling, storage 
and  d i s p o s a l  






Occupational    Safety 
department 
Occupational    Health 
department 





Monitor            the 
handling, storage 
and   disposal   of waste 
Appropriate 
information     systems 
must be implemented 
to monitor the performance 
in the safe handling, 
storage 
and disposal of waste. 
 
Audits must be conducted at 
appropriate intervals this 
include  suppliers of goods, 
transporters of waste and 
the municipal waste 
facilities 
 
UJ will provide temporary 
storage facilities on each 
campus. These storage 
facilities will have   a   firm   
water proof base and 
drainage system. It must be  
     
      
    
   
      











 hazardous was te   will 
be required to provide UJ 
with a route risk analysis   
and   waste 
manifest procedures 
detailing the transportation, 
type of 
waste disposed of, quantities 
disposed of, and h o w   and  
where 
the waste was disposed of 
 
    
        







Disposal of waste 




UJ will ensure that waste will
only be disposed of at landfill 
sites approved by the 
Department of Water Affairs 
and Forestry specifically for 
the type of waste generated 
 
UJ  will  adopt  the Cradle to 
Grave principle 
 
UJ will comply with the 
minimum 
requirements for disposal at  







Processes need to be 
streamlined in order to 
minimize                 the 
generation of waste. Where 
waste is unavoidable   UJ   
will 
commit itself towards 
recovering of resources b y   
liaising 
with external service 
providers   to   ensure that 
waste can be reused or 
recycled. The recycling or re 
use of waste will reduce the 










9.      FORMS 
 






Procedures for the safe handling, 
transporting, storage and 
















                                            APPENDIX J- Proposed hygiene protocols for the HHC dispensary  
 
 
1. Assess if surfaces are clean and replace vials,bottles 
and stock consumables. 
2. Ensure  proper PPE is worn when entering the 
dispensary and while preparing for C&D.
3. Clean the surfaces using hot water and follow with 
DistelTM  especially on high touch surfaces.
4. Take regular ATP readings to ensure the dispensary 
surfaces  mantain the recommended RLU values.
5. Perform hand hygiene before entering and when 
exiting the dispensary and between scripts. 













APPENDIX L- SOP for cleaning HHC dispensary 
 
